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INTRODUCTION
The following forest land management plan describes one approach towards 
integrating timber and white-tailed deer management. The plan deals primarily with 
management of the northern hardwood forest under an even-aged silvicultural system. 
Economic considerations are given high priority, but sound long term timber and 
deer management goals form the framework within which the major components of the 
plan operate. The specificity of the plan dictates that its use as a model be 
limited to areas of extensive northern hardwood forest communities located in the 
northeastern United States. The overall approach and management philosophy probably 
has wider application.
A large part of the content of the plan is based on a 30-year history of 
research and management efforts conducted at the Huntington Wildlife Forest,
Newcomb Campus of the State University of New York, College of Environmental Science 
and Forestry.
The major components of the plan include the following: landowner priorities, 
concerns and objectives, land base assumptions, site preparation, herbicide treat­
ments, effects of white-tailed deer, deer density control, timber management 
strategies, integration of timber and deer management, forest regulation, and 
economic returns.
OBJECTIVES AND ASSUMPTIONS
Landowner Priorities and Concerns
1) The maintenance of a productive forested land base and a committment to long 
term timber production and management is the primary concern of the landowner.
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2) The production of income frcm the sale of wood products in primary form, 
sawlogs, veneer, pulpwood, firewood, poles, cabin logs, etc. is a primary 
landowner priority.
3) The management of white-tailed deer and the sale of recreational values 
associated with the pursuit of this animal is an important secondary 
priority of the landowner.
4) All management activities must be carried out within the restraints imposed by 
current regulatory guidelines and be compatible with sound biological and 
ecological timber and wildlife management practices.
Specific Objectives - Timber
1) The primary objective of the landowner concerning timber production and manage­
ment is to grow and harvest high value sawtimber and veneer products. Pulpwood, 
firewood and other primary wood products are considered of secondary importance.
2) The landowner desires to move toward an even-aged timber management system on a 
majority of his ownership, aimed at producing a sustained monetary yield from 
the sale of forest products.
3) The landowner recognizes the vagaries of the future and desires to maintain a 
high degree of flexibility in his timber management program..
4) The landowner further recognizes the potential impact of timber management on 
white-tailed deer and desires to accommodate this species whenever possible.
Specific Objectives - White-tailed Deer and Other Wildife
1) Recognizing the ability of deer to adversely impact timber management objectives, 
the landowner desires that deer densities be controlled when necessary.
2) Also, recognizing the value associated with the deer resource and the demand for 
white-tailed deer hunting, the landowner desires to capitalize on this resource.
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3) The landowner desires to minimize the drastic fluctuations in deer population 
levels which sometimes occur in northern regions.
4-) The landowner further recognizes the "value" of other wildlife species for
both consumptive and non-comsumptive use, but chooses only to provide through 
a sound timber management program a diversified forested habitat in which many 
of these species will find suitable living space.
Land Base - Assumptions
Just as it is necessary to identify the objectives and concerns of a landowner 
in order to develop a useful forest land management plan, it is also necessary to 
know certain basic characteristics of the land to be managed. The following land 
base characteristics serve as the framework for the implementation of the management 
systems and techniques referred to in the remainder of this management plan.
1) For the purposes of this report, a tract of 15,000 acres has been chosen as the 
land area under management. The applicability of this management plan is 
probably restricted to forest land ownerships in excess of 5-6 thousand acres 
in size of which at least 75% of this land area should be operable timber land. 
There probably is not an upper limit to the land area size, however it is likely 
that an area larger than 30-40 thousand acres in a single tract would best be 
managed under a more comprehensive plan than the one presented here.
2) The presence of lakes, streams, and other bodies of water, as well as the 
occurrence of non-forested areas (i.e. beaver meadows, buffer strips, inoperable 
slopes, mountain tops, bog areas, and the land area tied up in roads, buildings, 
and other developments), may range from 10 to 25% of the total area. A figure 
of 20% is used in this report and represents a reasonable average. Thus, the 
operable forest-land area is reduced to 12,000 acres from the original 15,000 
acre tract assumed for the purposes of this report. This 12,000 acres (as well
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as the inoperable forest land area) is occupied by a distribution of the forest 
types (listed below) in varying stages of development.
3) A variety of forest types exist on the area, including northern hardwoods
(SAF Type 25), mixed hardwood-conifer (SAF Type 30), and softwoods (SAF Type 33). 
The northern hardwood type predominates and the other two forest types occur as 
common associates, but occupy less than 1/3 of the total forest land area 
collectively.
4) All operable forest stands in any of the forest types listed above are fully 
stocked. Most stands include a component of old growth (large over-mature) 
trees. Some stands have little or no cutting history while others have been 
selectively cut on one or more occasions in the past leaving as little as 25% 
of the residual RA in large mature or over-mature trees.
5) A  system of roads traversing the land area, which includes both public and 
private roads, is available. Road density approachs one mile of road per 500 
acres, on the average.
STUDY AREA DESCRIPTION
The 15,000 acre Archer and Anna Hunting-ton Wildlife Forest Station (Newoonb 
Campus of the State University of New York, College of Environmental Science and 
Forestry) served as the land base for which this forest-deer management plan was 
formulated. This property is located near the geographic center of New York's 
Adirondack Mountains. The topography is mountainous, and soils are predominately 
glacial till formed from fine grained metamorphic and igneous rocks.
The flora and fauna are transitional between the Deciduous and the Taiga or 
Coniferous Biomes (Dice 1952, Allee et al. 1949). The area is essentially completely 
forested, the few parcels of open land are associated with human habitation, intensive
4
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bums, and the activities of beaver.
As a result of the northern latitude and elevation, growing seasons are short, 
typically 90-120 days (Smith 1955). Winters are cold and long with an average 
snowfall of 113 inches. The average number of days with snow on the ground is 
134 days. The mean monthly temperature for January is 17.4° F and for July 65.5° F. 
The combination of snowfall and cold tenperatures generally results in a snowpack of 
14 to 51 inches from mid-January through the end of March. (These data were recorded 
at the Huntington Wildlife Forest, a National Weather Service Cooperative Weather 
Station, Newcomb, 4WNW, and represent averages for the 26 year period 1950-1976).
As snow depths increase, deer move to winter concentration areas. When the
snowpack falls in spring, deer begin to move from winter range toward spring-summer-
fall range. The number of days deer are confined on winter range varies considerably
from one year to the next. However, snow depth records collected during the period
1962-1977 suggest confinement periods ranging from a minimum of 5Q days in 1967 to
a maximum of 131 days in 1970-71 with a mean of 84 days. The survival of white-tailed
deer in winter is believed to be highly correlated with the length of confinement to
winter range (Mattfeld et al. 1975). Deer densities are currently estimated at
2between 13 and 15 deer/mi ,,
The study area is completely forested and comprised of 72% northern hardwoods,
18% hardwood-conifer and 10% softwood forest types. The forests of the study area 
can be characterized as Behrend (1966) described for the entire Huntington Forest.
Upper elevations (over 2500 feet above sea level) — largely coniferous; mostly
red spruce.
Middle elevations (from 1600-2500 feet above sea level) - mostly hardwood; beech
and sugar maple predominating, with some yellow birch and 
conifers.
Lower slopes and drier bottoms (up to 1600 feet above sea level) — predominately
mixed-growth; with hemlock, red spruce and yellow birch 
comprising the bulk of the stands.
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Bottoms, swamps, lakeshores - mostly coniferous; varying with site from spruce-
fir to white cedar.
Since 1968, approximately 45% (.5,400 acres) of the 12,000 acres of operable 
land has been involved in timber harvesting activities aimed at regeneration or 
thinning of hardwood and hardwood-conifer stands. As a result, 16.5% (1,980 acres) 
of the area has been successfully regenerated to a wide variety of hardwood and 
softwood species. Trees on these areas are all less than 15 years old and have 
stem densities ranging from 8,000 to 40,000 stems/acre.
There is about 18% (2,160 acres) of the area in the large pole/small sawtimber 
size class. This timber is in fire succession areas and is about 70 years of age. 
Forty five percent (972 acres) of this area has been thinned.
Forty one percent (4,920 acres) of the operable land is in old growth timber 
in which some cutting has been performed in the recent past. This cutting has 
either been under a selection harvesting system, or are areas where shelterwood 
regeneration has been initiated, but the shelterwood has not yet been removed. 
Additionally, approximately 24.5% (2,940 acres) of the operable land is in uncut 
old growth forest.
TIMBER MANAGEMENT PHILOSOPHY
With the exception of limited zones along public highways, slopes in excess of 
40%, elevations above 2500 feet, and buffer strips along lakes, streams, and wetlands, 
all forest stands within the ownership will be managed under an even-aged management 
system. Such a system is most compatible with the objectives of the landowner in 
developing a sustained annual monetary yield from the sale of forest products,
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production of high quality sawtimber and veneer, and developing a high degree of 
diversity and flexibility in a timber management program. Even-aged management 
permits effective periodic deer density control and herbicide treatments as required 
on specific sites. These practices are key to the attainment of the desired species 
composition and development of regeneration following cutting necessary to achieve 
the goals established by the landowner. The regeneration phase of the rotation in 
an even-aged forest management program is probably the most critical part of the 
rotation.
FOREST MANAGEMENT PRACTICES AND CONCERNS 
Site Preparation
One of the major steps in even-aged management is the regeneration phase. Under 
an even-aged management system this phase occurs during a short period of the total 
rotation (usually a period of less than 10 years), thus establishing the even-aged 
character of the stand. Failure to regenerate prolongs the rotation age of the 
stand. Furthermore, failure to establish a desirable species composition during the 
regeneration phase limits management options throughout the duration of the rotation. 
Both of these failures eventually lead to increased costs and/or reduced future 
revenues.
In order to insure the best possible regeneration conditions, site preparation 
may be necessary. This is particularly true when natural seeding is relied upon to 
provide the future forest crop. Research at the Huntington Wildlife Forest has 
shown that controlled burning or scarification (common site preparation procedures) 
are not required to regenerate northern hardwoods to a desirable species composition. 
However, the removal of dense understory vegetation primarily composed of American 
beech, striped maple, and in some cases witch-hobble (particularly on mixed hardwood-
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conifer sites) nay be required to insure adequate establishment of desirable 
regeneration Cscientific names of species referred to in this report are presented 
in Appendix I). This is not an uncommon situation in mature northern hardwood 
stands in the Northeast or in stands with a past history of selection cutting or 
high-grading. The shade tolerance of these species, along with the selective 
browsing of white-tailed deer during the past 70 to 80 years, has favored the 
establishment of a sapling (1-3 inch DBH) understory composed of up to 90% beech on 
many hardwood sites on the Huntington Forest (and elsewhere in the Central Adirondack 
region). Many thousands of acres in the prime black cherry region of Pennsylvania 
suffer from this same problem caused by the same agents. Here, striped maple, beech 
and species of ferns constitute the problem understory vegetation. Although the 
particular species may vary in different regions, the problem is widespread in 
northern hardwood forests.
Failure to address this situation carefully and take seme corrective action, will 
probably result in one, or a combination of the following conditions:
1) Entire failure of the regeneration phase.
2) The establishment of a less than desirable species ccmposition.
3) Inadequate stocking of regeneration, particularly valuable intolerant 
tree species.
Experience has shown that where a beech understory exists any form of cutting 
in the overstory, whether it be heavy or light, will only provide a growing 
situation for the established undesirable understory vegetation which will respond 
rapidly preventing establishment of more desirable species. Even in stands where 
thousands of sugar maple seedlings (6-12 inches in height) exist on the forest floor, 
these seedlings were unable to compete with the beech sapling understory and failed 
to become part of the future stand (Tierson et al. 1966). Research efforts have
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shown that the most effective and economical remedy to control this undesirable 
understory vegetation is some form of herbicide treatment. Cutting of this under­
story vegetation is nearly as economical as some types of herbicide treatments, 
but root suckering and sprouting (particularly where beech is involved) will cause 
severe problems on most sites, impacting the establishment of desirable regeneration. 
Herbicide treatments have been extremely effective in preventing this problem 
(Tierson 1969, Huntington Forest unpubl. data).
If undesirable sapling or small pole size vegetation, with stem densities in 
excess of 300 stems/acre \ to 3 inches DBH, or 100 stems/acre 3 to 5 inches DRH, are 
established in the understory of a northern hardwood stand to be regenerated some 
type of site preparation is required to assure establishment of adequate desirable 
regeneration. The use of herbicide treatments to achieve this goal appears to be 
the most effective and economical means available to the forest manager.
Application techniques, rates, chemicals, and costs to treat undesirable under­
story vegetation in conjunction with regeneration of hardwood stands managed under 
an even-aged management system are discussed in detail in Appendix II.
The Effects of White-tailed Deer on Northern Forests
The effects of deer on northern hardwood forests have been demonstrated by 
several researchers including; Tierson et al. 1966, Wiersma 1968, Tierson 1969,
Behrend et al. 1970, Farnsworth and Barrett 1966, Anderson and Loucks 1973, and 
Cooperrider and Behrend 1980.
Excessive deer densities have been shown to restrict height growth of regeneration, 
alter tree species composition in forest stands, maintain productive forest land in 
fern and raspberry communities, and even eliminate certain plant species from 
thousands of acres of native habitat (Wiersma 1968).
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Lesser deer densities have not produced such dramatic changes in the environ­
ment, but nay still impact forest nanagement objectives in subtle ways which are 
very difficult to measure.
Research conducted at the Huntington Wildlife Forest and reported by Behrend
et al. (1970), documents the impact of high deer densities (in excess of 20 deer/
2
mi ) on hardwood forests. Further research by Cooperrider and Behrend (1980) suggests
. 2
the potential impacts of relatively low deer densities (2-3 deer/mi ) in the same
region.
Deer populations in many regions of the northeast fluctuate dramatically, depending
on winter snow depth and the duration of the snow pack. Deer densities on the
. 2 Huntington Forest have been recorded at levels as high as 27 deer/mi in the mid
2
1960's and as low as 4-5 deer/mi in the early 1970's.
The forest land manager cannot wait for severe winters to cause declines in the 
deer herds to schedule regeneration cuts. This would be impractical. However, the 
same manager cannot afford to ignore the impact of high deer populations either.
Success or failure of a variety of forest management efforts can be determined to a 
large degree by a high or low local deer population.
Investigations of deer densities compatible with northern hardwood forest manage­
ment (primarily the regeneration phase), conducted at the Huntington Forest, indicate 
that densities of 12-13 deer/mi or lower will permit adequate regeneration of northern 
hardwoods under an even-aged nanagement system (Behrend et al. 1970). Interpretation
of research done by Cooperrider (1974) suggests that deer densities should be main-
. 2tamed at or below 3-4 deer mi to adequately regenerate even the shade tolerant 
species of northern hardwoods (such as sugar maple) under an all-aged nanagement 
scheme. These figures probably represent the best estimates available for extensive
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forested,northern hardwood areas in the northeast. However, where agricultural 
land is interspersed with northern hardwood forest land, deer densities compatible 
with forest management objectives may be quite different.
How then does the forest manager know where he stands on this fluctuating scale 
of deer densities? One useful index to deer population levels is the regional buck 
kill statistics available through State Game Agencies. Inspection of these figures 
reveals whether regional deer populations are high or low or between these extremes. 
These figures are useful but may not reflect local conditions accurately and/or 
provide the degree of precision necessary on which to formulate management decisions.
An actual population census of a sample of the forest land ownership 
represents the most accurate technique to estimate local deer densities. Using this 
technique a 100% count of the animals on a given area or preferably several sample 
areas is made. These figures are then used to determine the population density.
This technique involves driving all the deer off the sample areas and counting them 
as they leave. It requires immense organizational efforts and manpower, and as a 
result is very expensive. Together, these factors probably make the technique 
impractical for use by most private forest landowners. Repeated sampling of smaller 
areas 30-60 acres in size, using 30-4-0 people, may represent an alternative to large 
deer drives involving as many as 200 people. The reliability of this approach is 
currently being tested at the Huntington Wildlife Forest. This modification of the 
original technique reported by Behrend et al. (1970) would still represent a 
considerable expense to the landowner.
Probably one of the least expensive methods of determining relative local deer 
population densities is by means of seme form of index technique. Past research at 
the Huntington Forest has shown that deer observation rates along forest roads are
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directly related to regional deer populations. By determining the number of deer 
seen for every 100 miles of forest road traveled during the summer period a useful 
index to the fall population level can be determined. The details of this technique 
are discussed further in Appendix III.
Deer Density Control
When deer populations exceed desired densities the forest land manager is faced 
with the question of how to reduce local populations to acceptable levels.
Evidence gathered during a five year study (1966-70) on white-tailed deer 
densities compatible with both silvicultural and wildlife management objectives 
clearly supports the premise that public hunting can be effectively employed to 
control deer densities (Behrend et al. 1970).
An understanding of the seasonal ranging and movement patterns of white-tailed 
deer can explain why localized deer density control using fall public hunting is 
successful. A  species profile of white-tailed deer appears in Appendix IV,
Beginning in 1968, and continuing through 1977, a study of the seasonal ranging 
and movement behavior of white-tailed deer in the Adirondack region of New York State 
was undertaken at the Huntington Wildlife Forest. A total of 5,946 encounters with 
368 marked deer, including 102 transmittered individuals provided data on the 
seasonal ranging patterns of deer on a 28,500 acre study area. The locations of the 
spring-summer, winter, or fall ranges of 332, 186 and 44 deer respectively, were 
determined.
Several factors identified in this study have direct bearing on the ability to 
control deer populations on localized areas. First, female deer and adult males 
occupy the same spring-summer range from one year to the next. The average size of
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these summer ranges was 450 acres.
Secondly, females show no significant changes in range size ori location between 
summer and fall. Within errors of estimate, they have essentially the same range 
during the spring-summer-fall period. Adult bucks, on the other hand, appear to 
have fall ranges more than twice the size of their summer range. The fall range of 
a buck is most often located adjacent to and overlapping its summer range. The 
important factor, however, is that the majority of adult males, like the females, 
do not show a major shift in range location between summer and fall. None of the 
fall male shifts would significantly alter the ability of adequate fall season public 
hunting to control deer numbers on a specific management area of practical size.
Thirdly, in contrast with summer and fall ranging behavior, seasonal movements 
between summer and winter ranges for many deer often exceed 5 miles, with sane deer 
moving 10 and 12 miles. Data collected in the above study and previous studies in 
New York State suggest that deer from several different and often widespread geo­
graphic areas winter in the same concentration area (Hesselton 1964, Gotie 1976). 
This phenomenon was well documented in our study where deer from two adjoining 
geographic areas of summer range moved to two widely separated winter ranges. One 
group moved northwest up to 8 miles, while the other group moved southeast nearly 10 
miles. Thus, "post-season hunting" which in the Adirondack region of New York means 
hunting on winter range, has the potential to result in population control on widely 
separated and normally unpredictable areas of summer range. This may or may not be 
the desired goal of a management program employing this technique, but it should 
certainly be recognized as one outcome of a post-season hunt. Unless specific 
information on seasonal movement patterns is available, effective control of deer 
densities on discrete summer range management units appears unlikely with post-season 
hunting. Harvest on winter range seems more suited to regional reductions of deer
N.y, W-105-R, Job XIII-6 14
populations. In some cases, the sole objective may be to reduce deer pressure on 
a specific winter range unit. In this situation, adequate and recurrent post-season 
hunting pressure on the population using this unit may be effective.
Finally, this study identified a total of eleven distinct deer groups within the 
study area, and defined their approximate geographic boundaries. Each group was 
comprised of individuals exhibiting similar movement patterns between sunnier and 
winter ranges. Individual deer within a particular group had adjacent and overlapping 
summer ranges with other members of the group. Collectively, these individual ranges 
define the geographic limits of the group. There is overlap between groups but it 
appears to be considerably less than the overlap between ranges of individuals within 
the group. The specificity of the locations of individual deer ranges within a group 
from year to year and the apparent definition of the group "range" suggests delinea­
tion of a unit which can logically be incorporated into a management scheme. In our 
study, the area occupied by a group of deer with similar seasonal movements ranged 
from 1,200 acres to nearly 6,000 acres (Mattfeld et al. 1975).
Thus, if effective fall season hunting pressure is focused on a specific area 
occupied by one of more deer groups, it appears likely that deer densities can be 
brought under control or maintained at desired levels through intensive fall 
season public hunting. Our recent data suggest control (and probably
maintenance) could be accomplished on areas as snail as one to five thousand acres.
The specificity of individual deer ranges and the resultant deer groups minimizes 
the effect of immigration from surrounding areas of uncontrolled deer densities.
Data from our previous studies as cited, and continuing observations since 
public hunting effectively controlled deer populations, indicate that the unhunted 
population on a specific area rebuilds primarily through reproduction regardless of
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habitat recovery that would make immigration advantageous.
Concurrently, silvicultural research and management appraisals have refined 
approaches to the regeneration of the valuable yellow birch-sugar maple components 
of the northern hardwood forest type. Results indicate that under a system of 
even-aged timber management, periodic deer density control may suffice to regenerate 
recently harvested timber stands with an anticipated 100 to 120 year rotation age.
The regulation of such control within a one to five thousand acre management unit, 
should be possible.
We estimate that to assure regeneration and growth of desirable hardwood species
under an all-aged management approach, deer numbers would have to be continually
2maintained at levels between land 5 deer/mi . Aside from political difficulties 
such a level makes all but certain forms of recreational hunting less attractive 
and at the same time requires effective annual harvest of both sexes (.Sage et al. 1977),
In summary, given adequate access Cwhich is generally available on private land), 
hunting pressure and a system for harvesting female deer, public hunting during the 
regular fall season can effectively control deer densities on forest management units 
of practical size.
Control of deer densities should not be looked upon as a cost by the forest land 
manager. The deer resource is a valuable product of managed forest land and should 
be viewed as an additional source of revenue available to the forest landowner.
Although the actual ownership of game lies in the hands of the people of the state 
of New York, the private forest landowner controls access to the game of his/her 
landandis therefore in a position to capitalize on this situation.
Currently, the pursuit of deer for hunting purposes represents the only real
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demonstrated demand of the deer resource upon which the landowner can capitalize.
Two basic approaches towards capitalizing on the value of the deer resource are 
available to the forest manager; leasing land for hunting and fee hunting.
land lease arrangements are the most common technique used throughout the 
Northeast. Under this system, the landowner leases a parcel of land to a group of 
people who then pay a prescribed sum to the landowner on an annual basis. Generally 
there is a written agreement between the two parties which describes the details of 
the arrangement.
The advantages to the landowner of this system include; minimal adminstrative 
costs, some degree of control over the use of the land, an organizational structure 
with which to work (i.e. hunting club), and a guaranteed annual incane.
In talking with a variety of large landowners in the Adirondack region of New York, 
there appears to be very little dissatisfaction with the land lease system.
Income generated from use of this system varies considerably depending primarily 
on the landowner and the variety of resources available on a particular lease. The 
availability of lakes and streams for fishing, the ability to construct camps, snow­
mobile trails, trapping privileges, in addition to the availability of the land for 
hunting, etc., are all factors which affect the value of the lease.
A survey of private landowners within the Adirondack region of northern New York 
whose total ownership comprised 630,057 acres, revealed that 478,287 acres (80%) of 
this land area was currently under lease for recreational use. Over 90% of the 
remaining land area was open to public access either under the FWMA cooperator program 
or through other arrangements.
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Lease fees ranged from $0.75/acre/year to $4.00/acre/year and averaged $2.25/ 
acre/year. Landowners associated with land leases placed total costs at 10% of 
annual gross income. These costs were related primarily to the administration of 
the entire lease system of the landowner. Using the average income figure of $2.25/ 
acre/year and a 10% cost figure, the net income resulting frcm an average lease in 
the Adirondacks would be $2.02/acre/year. Based on data frcm one of these same 
landowners for the period 1978-80, user days associated with big-game hunting 
accounted for an average of 22.5% of the total number of user days reported. Using 
this figure, the income which can be attributed to big-game hunting under an average 
land lease would be $0.45/acre/year.
Fee hunting represents an alternative approach to capitalizing on the value of 
the white-tailed deer resource. This system is not widely practiced in the northeast 
but has been used extensively in parts of the south, southwest and western United 
States. In these areas, it has been quite successful (Robertson 1979).
The primary advantages of fee hunting (which involves a direct charge assessed 
each individual hunter on a daily, weekly, or seasonal basis, for the privilege of 
hunting on a particular parcel of land) are related to the landowner having maximum 
control and flexibility over the hunting which occurs on his ownership each season. 
Fee hunting may represent a more appropriate approach where intensive forest manage­
ment is practiced under an even-aged management system. For instance, hunting 
activities and hunter densities could be focused on areas where deer density control 
was necessary in order to assure development of new regeneration. The location of 
this intensive hunting could be changed every few years as new areas were regenerated 
and deer density control became necessary.
In general, land lease arrangements involve year round accessibility to the land
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by leasees. Fee hunting on the other hand, could restrict use to the hunting 
season, or portions thereof as determined by the landowner. Restricted use of this 
kind may permit other activities to occur on the ownership during the remainder of 
the year.
Fee hunting requires much more time and effort to administer than lease hunting. 
Adminstrative' and operating costs associated with .the experimental fee hunting 
program at the Huntington Wildlife Forest (1978-80) averaged 45% of gross revenue.
Under this program a daily fee of $5.00 per hunter was assessed. The hunting was 
scheduled for certain periods during the regular big-game season. Announcements 
were placed in newspapers throughout the northeast and in several outdoor magazines. 
Each hunt was limited to a maximum of 100 hunters. All hunting was by prior 
reservation on a first come-first served basis. Camping was permitted on the hunting 
area. Hunters were provided maps of the hunting area and a list of regulations. All 
hunting hours, tag limits, equipment, and licenses were the same as those permitted under 
the New York State Conservation Law. No small game hunting was permitted. All hunters 
were checked into the hunting area and all deer or bear killed were examined by staff 
personnel before being removed frcm the hunting area. During the 3 years of hunting; 
archery, muzzleloader, and rifle hunting were permitted during different portions of 
the respective big-game seasons.
Hunter success rates were similar to statewide statistics. Hunter satisfaction 
with their experience was high and the landowner was satisfied with the conduct of 
the hunters and the overall operation and results of the various hunts.
Although administrative and operational costs were high under the fee hunting 
system, the net incane resulting frcm these hunts was $0.44/acre/year over the entire 
3 year period (PR W-105-R Final Report, Job XIII-4).
N.Y. W-1Q5-R, Job XIII-6 19
It is interesting that the two approaches discussed, land lease and fee hunting, 
resulted in nearly identical monetary returns to the landowner. One system has a 
long history of use in the region while the other approach is experimental in 
nature. It is likely that both systems could generate larger monetary yields before 
demand for this form of recreation is diminished.
Another important question remains to be addressed in regard to deer density 
control. It has already been shown that when deer density control is necessary, 
female deer must be removed from the population to achieve the desired population 
reduction or to maintain population levels. In many regions of the Northeast, the
ability to harvest antler less deer is provided for by means of a special permit or 
special season. Other areas are not so fortunate and operate under a "bucks only" 
restriction. Deer density control cannot be achieved on private forest land by 
harvesting only bucks. Alternative methods are then needed to achieve the desired 
population control. In many parts of the northeast archery, and more recently 
muzzleloader seasons have been established. During these seasons one deer of either 
sex may be harvested.
Preliminary results based on experimental hunts involving archers and muzzle- 
loaders conducted at the Huntington Wildlife Forest suggest that archers alone would 
have a difficult time harvesting enough animals under Adirondack hunting conditions 
to control expanding deer densities. Muzzleloader hunter success rates have been much 
better. However, a large majority of these hunters are buck hunters and are passing 
up the opportunity to take female deer. As a result, the harvest of female deer was 
far below that of male deer. If this relationship is representative of attitudes of 
the hunters participating in these hunts in the future, deer density control will be 
difficult to achieve.
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Some alternatives exist which could assist in increasing harvests in the 
future; such as increasing hunter densities and the number of hunting daystor 
controlling the harvest of bucks in relation to does. However, these changes may 
not be popular with the established hunter clientel now participating in these 
experimental hunts on a regular basis (Huntington Forest unpubl. data).
At this point in time, it appears as though a ccmbination of archery and muzzle- 
loader hunting offers some potential in limiting the expansion of local deer herds 
in extensive forested environments. It is difficult to say whether adequate deer 
density control will ever be possible under a fee hunting system using archery and 
muzzleloader hunters on private forest land in the Adirondack region.
In summary, deer hunting can generate significant additional revenue for a 
private landowner managing forest land. It is likely that deer hunting could generate 
more income than is currently being realized by northern New York landowners. Land 
lease hunting as practiced in northern New York and the experimental fee hunting 
conducted at the Huntington Wildlife Forest generated nearly identical revenues.
Administrative and operation costs associated with land lease hunting are much 
less than those connected with a fee hunting system. However, if the lease system 
vvQs used as a basis to achieve deer density control rather than as a means to 
provide extensive outdoor recreation and revenues to the landowner, administrative 
and operational costs would increase significantly. Fee hunting appears to be a 
reasonable alternative to lease hunting, particularly when operated in conjunction 
with an intensive forest management program operating under an even-aged system of 
management.
Lastly, an alternative harvest option is needed by the private forest lardowner 
in northern New York (and elsewhere throughout much of the extensive forest areas of
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the northeast) which will permit the landowner to attract increased numbers of 
deer hunters and permit the harvest of female deer when deer density control 
becomes necessary to achieve forest management objectives.
Physical Condition of White-tailed Deer as Affected by Population Density
High deer densities not only impact forest regeneration adversely, but result 
in poorer quality deer. Data collected from deer killed during two periods of 
experimental hunting on the Huntington Forest under very different population
densities (1966-70, with deer densities estimated at 27/mi^ in 1966jand 1978-81,with
2densities estimated at 8-14 deer/mi ) clearly indicate that the physical condition 
of the animals harvested was superior under the lower deer population levels. Body 
weight and antler beam diameter (factors commonly used as indices to physical 
condition) both showed significant (P <; 0.Q5) differences between the two sample 
periods (Table 6).
On the basis of these analyses, we feel justified in stating that deer densities 
of 12-13/mi should produce a healthier deer herd than densities of 27/mi . Further­
more, research has shown that maximum sustained yield for a deer population (MSY is 
the point at which the greatest number of animals are being recruited into the 
population annually and is often considered an appropriate level at which deer 
populations should be maintained under a management program) is achieved at a 
population density equal to \ of carrying capacity (McCullough 1979).
Admittedly, carrying capacity is a tern which has many definitions and as a 
result its value is difficult to determine. The figure of 27 deer/mi , determined by 
deer drive censuses conducted at the Huntington Forest in 1966 (during a period of 
high, relatively stable deer densities) could be used as an estimate of carrying 
capacity. This would result in a MSY value of 13 deer/mi . Thus a population level
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of 12-13 deer/mi appears to be compatible with forest management objectives, 
superior physical condition of deer, and a point very close to maximum sustained 
yield for the conditions which exist on the Huntington Forest.
TIMBER MANAGEMENT STRATEGIES
Timber management strategies will be discussed for the three basic forest types 
cannon to the Huntington Forest and typical of the central Adirondack region of 
northern New York. The original assumptions for this management plan indicated that 
the northern hardwood forest was the prime component of the forest land base and that 
hardwood-conifer and softwood types were common associated types. The following 
presentation follows these assumptions. Alternative management options are included 
where appropriate.
Northern Hardwood Forest Sites
In consideration of the original objectives of the landowner to grow high quality 
sawtimber and veneer material and to maximize species diversity, hardwood stands will 
be managed on an even-aged basis under a 120 year rotation age. A shelterwood 
regeneration system will be used to achieve, these objectives. The system will be 
described in a chronological sequence beginning with a mature stand. Recognizing that 
stand structures other than mature stands exist on thousands of acres throughout the 
central Adirondack region, alternatives will be discussed where appropriate. A stand 
of mature northern hardwoods represents a high value to the forest landowner. Gross 
volumes/acre may run as high as 15,000 EF. Sugar maple, beech, and yellow birch 
generally constitute a bulk of the volume, particularly in stands older than 150 years. 
Basal area/acre should average 130-140 sq. ft. in an uncut stand. Cull percents 
generally are high reducing gross volumes by as much as 50%. High volumes of pulpwood 
material exist in the form of defective stems, tops, and undersized material. Total
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harvest of an old growth northern hardwood stand on the Huntington Forest in two 
cutting operations with only 11 growing seasons between the first and second cut 
yielded an average of 7,558 bd. ft. of sawtimber and 35 cords of pulpwood/acre. 
Obviously, not all forest managers are lucky enough to inherit stands with such 
high value, tie point however is that at this stage of stand development the 
manager has the greatest standing value and it is at this time that investments to 
insure adequate species composition, stocking and development of a future stand 
are most easily justified. Just as road construction costs to gain access to a 
imature stand for harvesting can be charged against the value of the timber harvested 
so can site preparation costs incurred to insure adequate regeneration of a desirable 
forest stand in the future.
Areas set up for regeneration should generally not be less than 50 acres in 
size. Cutting units of 50 acres or less can be impacted by concentrated browsing of 
a few deer. If area regulation is employed as a means of managing long term yield 
from a forest property (a common approach used in conjunction with even-aged 
management) numerous small units are difficult to work with. Furthermore, if road 
construction to access timber is involved costs are more easily justified if larger 
units are harvested. A more preferred cutting unit would approach 100 acres in size. 
An upper limit is not critical, but practical cutting units in the Adirondacks 
generally do not exceed 500 acres. Topography, drainage patterns, skidding distances 
and road access will also determine the shape and size of cutting units. Certainly 
the size and distribution of the ownership is an important factor in determining the 
size of the cutting units. Obviously, the location of access roads, landings, and 
major skid trails, must be considered along with the layout of a cutting unit, if 
these features are not already in place from past cutting activities.
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Site preparation requirements and techniques have been discussed previously and 
are presented in detail in Appendix II and need no further reiteration except to 
discuss the timing of these treatments in relation to the initiation of a regeneration 
cut in a mature hardwood stand.
If undesirable understory vegetation exists at excessive stem densities, treat­
ment is required to insure establishment of adequate regeneration. If a broadcast 
herbicide application treatment is chosen as most appropriate the treatment should 
be done prior to any cutting in the over story. Cutting can begin any time after 
treatment. Research has demonstrated that treatment effects will still be adequate 
up to 6 years after application permitting a certain degree of flexibility in the 
timing of the regeneration cut. In general, initiation of cutting within 3 years 
of treatment is most desirable. If on the other hand individual stem treatment 
techniques are chosen as the best means to control understory vegetation, costs 
will be reduced if the treatment is done immediately (1-2 years) following logging. 
However, treatments befores cutting are equally effective and offer certain advantages 
as discussed previously.
With the site preparation treatment completed, and deer densities not in excess 
. 2
of 12-13 deer/mi , the regeneration cut constitutes the next step in the management 
schedule. (Fig.1)
Establishment of the Shelterwood Stand: The shelterwood system of regeneration 
as used in this management program involves a two step cutting sequence during which 
the entire over story of the mature stand is removed. The first cut should reduce 
the initial basal area from 130-140 sq. ft./acre to approximatley 40 sq. ft./acre. 
Marking of the first cut is an important factor in achieving the desired regeneration 
objectives. Due to the fact that the first cut removes at least 2/3 of the inital 
stand, marking the "leave" trees is easier and more economical than marking the trees
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to be cut. Another advantage of this approach is that experience has shown that it 
is easier for the forester to maintain a uniform distribution and density of leave 
trees while narking. Periodic checks of residual stand basal area using a prism or 
angle guage are recommended. Under a system of marking the leave trees, loggers 
are instructed to cut all merchantable stems as defined by the contract with the 
exception of the marked trees.
In a mature stand, 40 sq. ft. of residual basal area should represent anywhere 
from 14-25 trees/acre depending on the diameter of the leave trees.
Species, vigor, diameter, quality, crown size, and spacing are all important 
factors which must be considered in selecting leave trees. In general, heavy seeded 
species, incapable of long distance seed dispersal, should be left and distributed 
as evenly as possible over the site. Sugar maple, red maple, black cherry, and white 
ash are examples of such species. Experience has shown that seed from a single 
mature sugar maple tree is capable of adequately restocking an area whose radius is 
equal to 1% times the total height of the tree.
Even distribution of residual trees of light seeded species such as yellow 
birch, paper birch, aspen and certain conifer species is not as critical because seeds 
of these species can travel longer distances. On units of 100-500 acres in size 
surrounding uncut areas can supply adequate seed to restock these species in the 
cut area. If the manager desires to increase the proportion of paper birch, for 
instance, in the regeneration he may choose to leave more residual seed trees of this 
species on the site. This does not guarantee success however as other factors may 
be limiting.
Vigor and crown size are important concerns because the residual trees will be 
left on the site for 5-10 years following the initial cut to provide seed and partial
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shade conditions which promote the early development of regeneration. As a result the 
leave trees should not be high risk trees or trees with small or damaged crowns. 
Following the initial cutting the leave trees will be exposed to much different 
conditions than existed in the uncut stand. Leave trees should be capable of with­
standing these dramatic changes. Most hardwoods are relatively windfirm and losses as 
a result of this factor are minimal. Softwoods however, with the possible exception 
of hemlock, should not be left as residual trees. Yellow birch often deteriorates 
rapidly in the open stand conditions following the initial cut. Responses of this 
species as a leave tree have been unpredictable. The fact that yellow birch is a 
light seeded species, coupled with the abundant regeneration of this species documented 
under this management system*, (even when virtually no yellow birch were left as part of 
the shelterwood) suggests that in most cases yellow birch should not be retained as 
leave trees (Tierson unpubl. ms., Kelty 1979).
Trees with extensive defect and numerous dead branches in the crown should not be 
considered as leave trees. Diameter and quality are primary considerations in 
identifying leave trees. In general, trees in excess of fiteen inches DEH are pre­
ferred as leave trees. Trees of this size or larger are capable of producing abundant 
seed. Quality is important as a potential indicator of superior phenotypes. Further­
more, the leave trees constitute'the residual stand which will be harvested during the 
second cut after regeneration is established. Therefore, when relatively few trees 
are left, they must be large, sound trees which will generate a minimum volume/acre 
which will justify harvesting them. Generally at least 1500 BF/acre should be left 
on the site in the forms of leave trees. An additional 4-8 cords of pulpwood should 
be contained in these leave trees depending on their size. These volumes would 
represent the amount of material to be harvested when the shelterwood stand is removed.
Another important consideration in leaving large trees is that when these 
trees are harvested skidding damage to the newly established regeneration is
N.Y. W-1Q5-R, Job XIII-6 27
minimized because fewer stems must be removed.
The spacing of the leave trees should be as uniform as possible in order to 
provide the light shade conditions favored by developing hardwood regeneration and 
to promote adequate seed distribution over the site. This is often the most difficult 
part of the marking job. It is often necessary to make compromises where a less 
desirable stem is left and an excellent stem harvested in order to achieve uniform 
distribution of residual trees.
Other compromises are often necessary when marking a mature stand for a shelter- 
wood regeneration cut. Desirable species such as black cherry and white ash may not 
be well represented in northern hardwood stands in excess of 200 years old. The few 
stems which are present should be retained as seed sources, even if they do not meet 
the standards set for leave trees. Sometimes stems of marginal sawtimber size at 
the time of the first cut, can be left until the second cut when they may meet 
merchantability standards as a result of growth during the interim period. Leaving 
a large number of these stems however, is not recommended.
Growth on leave trees has been observed to increase significantly following the 
first cut. However, the interim period until these trees are harvested is relatively 
short (5-10 years) and as a result overall volume increment is not substantial.
The reduction in basal area from 130-1H0 sq. ft./acre to HO sq. ft./acre during 
the first cut involves the removal of a high volume of material. Some damage to 
leave trees does occur but can be minimized by marking leave trees prominently so 
they are easily seen by logging crews and instructing these same crews to avoid 
felling and skidding damage whenever possible. A  reasonable amount of cooperation 
can help considerably. Also, the heavy cut usually permits ample space in which to 
fell trees and the relatively wide spacing of the leave trees should permit more than
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adequate space for skidding operations.
Harvesting operations in mature hardwood stands require the use of large 
rubber-tired skidders or similar equipment. Use of this type of equipment requires 
adequate space to maneuver. Trees are usually skidded in tree length form and land­
ings must accommodate this material. Tire ruts can be expected on main skid trails 
and in areas of wet ground. Due to the heavy volume removed during the first cut 
and the large tops associated with mature hardwood trees, a sizable slash accumulation 
should be expected. These factors, combined with the removal of the under story 
vegetation as a result of the site preparation treatment can make the site 
temporarily unappealing to sane people. However, the environment created by these 
treatments provides ideal growing conditions for a vast array of plant species, 
including the tree species which will eventually dominate the site as a new even-aged 
forest stand. Within a period of five years most of the visual evidence of logging 
has disappeared or has been screened by developing vegetation.
The previous discussion has dealt with a mature, unlogged northern hardwood 
stand. More commonly, the forest land manager inherits a stand which has had a cutting 
history involving one or more selective cuts. If the residual stand still contains 
a minimum component Cat least 15-20 sq. ft. BA/acre) of mature stems of desirable 
species (even of marginal quality) and the objective is to regenerate the stand, the 
procedures described in this section should still be followed. The first cutting might 
more appropriately be called a seed tree cut and influence over species composition 
may be reduced due to inadequate stocking of residual seed trees. However, with 
adequate deer density control and removal of undesirable understory vegetation by 
means of an appropriate herbicide treatment, adequate regeneration should become 
established on the site. Income will be reduced as a result of lower volumes 
removed, and site preparation costs will probably be higher because of past cutting.
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However, access should be available, therefore road construction costs commonly 
incurred in harvesting previously uncut stands are avoided.
In other stands where mature trees are lacking, regeneration is not likely to 
be an objective of management for some period of time. As the landowners stated 
objective was to move toward a system of even-aged management these stands should 
receive intermediate cuts under a schedule similar to younger even-aged stands
described later on in this plan.
Establishment of Regeneration; The following sequence of vegetational changes 
will take place following the first cut. The numerous sugar maple seedlings which 
often carpet the floor of uncut mature northern hardwood stands were probably 
killed by the application of herbicides to the understory vegetation. However, if 
cutting to establish the shelterwood stand was delayed one or more growing season 
after treatment new seedlings m y  have become established. During the first growing 
season following cutting nearly all of these seedlings will vanish. Experience 
has shown that these seedlings are, for the most part, only rooted in the litter 
layer and upon exposure to the very open stand conditions created as a result of 
the first cutting will dry out and die. These seedlings, although very abundant, 
are not relied upon to provide any part of the new regeneration.
During the first growing season following cutting a wide variety of herbaceous 
plants including raspberry will develop scattered over the site. In addition, a 
variety of tree seedlings, both of tolerant and intolerant species will begin to 
appear. Distribution of these tree species will also be scattered.
During the second and third growing seasons following cuttingj raspberry will 
dominate the site forming a near complete ground cover. During the fourth or fifth 
growing seasons the hardwood regeneration will begin to break through this raspberry
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cover. It is at this time when the forest land manager can determine the species 
composition of the newly regenerated forest. Obviously some species develop some­
what faster than others and seed production varies between years and between species, 
but the sequence just described represents a typical development process as documented 
at the Huntington Wildlife Forest. By the end of the 6th, 7th, or 8th growing season 
the hardwood regeneration will dominate the site and raspberry will be found only in 
scattered patches. If however, deer densities have not been adequately controlled 
raspberry can dominate for 10-15 years until unbrowsed tree or shrub species such as 
beech and/or witchhobble begin to recapture the site (Kelty 1979).
Once the forest manager is certain of adequate species composition and stocking, 
and heights of the regeneration are 5-6 feet, the residual overstory (shelterwood 
stand) can be removed (Fig. 1).
Removal of the Shelterwood Stand: Experience has shown that removal of the 
residual stand following regeneration results in less damage to the regeneration if 
undertaken when the regeneration is less than 10 ft. in height (5-7 years). 
Significantly more damage is done if the shelterwood is removed at ages 10-15 years. 
Still, at 5-7 years of age as much as 20% of the regenerated stand can be impacted.
The affected area is set back to the raspberry stage but recovers quickly, generally 
within five years. Removal of the shelterwood stand in winter when deep snow cover 
is present has been beneficial in reducing damage to established regeneration 
(Kelty and Nyland 1980).
It should be mentioned at this point, that the shelterwood regeneration system 
has produced adequate regeneration even when residual basal areas as high as 75-80 
sq. ft./acre have been left following the first cut. However, attempts to remove 
this volume of overstory after the development of abundant regeneration has resulted
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in unacceptable damage to the new regeneration. It is primarily for this reason and 
the encouragement of intolerant species that HO sq. ft./acre of basal area has been 
selected as an appropriate residual density in the shelterwood stand.
The removal of the shelterwood stand (second cut) involves the cutting of all 
trees over 8 in. DBH on the site. This activity constitutes a "clearcut" under the 
Adirondack Park Agency definition. If the management area is located within the 
Adirondack Park, and the land area involved is larger than 25 acres in size (which 
is the recommended situation), the landowner must file for a permit from the Agency 
to remove the residual shelterwood stand. Permits have been issued by the Agency for 
this purpose. This application process is not particularly difficult, but generally 
involves a turn around time of 3-4 months. This process should be taken into account 
by the forest manager using the shelterwood regeneration system.
Composition and Development of Regeneration: The composition of the newly 
regenerated stand will vary from site to site. Based on data from the six sites 
regenerated under this system at the Huntington Wildlife Forest a minimum of 7 and a 
maximum of 14 commercial tree species have been established as part of the regeneration 
on these sites. Sugar maple, yellow birch, beech and white ash comprised over 90% of 
the regeneration on seme of these sites (Kelty and Nyland 1980). Less abundant species 
included black cherry, red maple, quaking aspen, big-toothed aspen, paper birch, 
basswood, red spruce, balsam fir, hemlock, and white pine. Non-coirmercial tree species 
including pin cherry and striped maple constituted < 5% of the established regeneration. 
Stem densities of desirable hardwood species > 3 feet in height ranged from 37-48 
thousand stems/acre in one 10 year old stand.
Yellow birch, white ash, and aspen tend to dominate in height growth during the 
early years of stand development. The difference in height growth between yellow birch
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and sugar maple was reduced at 16 years of age in one stand (Huntington Forest 
unpubl. data). In a 10 year old stand average height of the tallest saplings was 
12.8 ft. and the average DBH was 0.8 inches. The average height of the stems in 
this stand was 8.5 feet. Mortality of suppressed smaller stems begins to occur at 
10 years of age (Kelty and Nyland 1980). Significant reductions in stem densities 
will occur during the next 10-20 years as the stand matures.
Future Management of Even-aged Stands: Development-Thinning-Yields: Unfortunately, 
research into the future management of these young even-aged stands can only be 
accomplished when the stands increase in age. However, by looking at other even-aged 
stands on the Huntington Forest and in other areas of the central Adirondacks which 
resulted from fires and earlier management practices a reasonable estimate of how 
these very young stands will develop is possible.
It is anticipated that management of these newly established even-aged stands 
will include two thinnings prior to the cut which would again establish a shelterwood 
to regenerate another new stand. The first thinning will be at age 50, the second at 
age 80, the shelterwood cut will end the rotation at 120 years of age (Fig. 1).
The variations in height development exhibited by the wide variety of tree species 
present in these young stands, combined with the slight age differences resulting from 
the removal of the residual shelterwood stand, should favor continued height growth 
and development of the stand through age 50 when the first thinning is anticipated.
If development does not occur as anticipated, a pre-commercial thinning involving 
the use of a selective herbicide treatment would be required at approximately age 25. 
Diameter growth has been shown to peak around age 30 in stands of unthinned even-aged 
hardwoods (Triandafillou 1980). Unfortunately, we have not managed these even-aged 
stands through a rotation and cannot say for certain whether or not this situation will
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occur. For the purposes of this report, we will not consider a pre-conmercial 
treatment necessary.
The thinning at age 50 will involve relatively small diameter trees. The average 
stand diameter at this time will be less than 7 inches DBH. For dominant and codominant 
trees, the tolerant species such as sugar maple will average about 7 inches DBH, and 
intolerant species such as white ash and black cherry will average around 9 inches DBH. 
The faster growth rates of the intolerants will result in these species being of 
merchantable size for pulpwood while the tolerant species with slower growth rates will 
generally be too small. Total height of the trees at this age will range from 45-65 
feet. Merchantable heights will range frcm 30-35 ft. for most merchantable size stems 
(at least 8 inches DBH). Stem densities at age 50 will be approximately 600-650/acre 
and basal area will be around 150-160 sq. ft./acre (Triandafillou 1980). (Table 1)
It is clear that at age 50 a commercial thinning will be a marginal operation.
Some pulpwood material will be produced, but without a firewood or chip market the 
desired volume and diameter classes would be difficult to remove commercially under 
current harvesting and marketing standards. If markets did not exist for the small 
diameter material a chemical thinning would be required using a spaced-axe cut 
technique as discussed earlier.
The objective of this first thinning will be to remove poor quality stems and low 
value species while attempting to provide adequate growing space for residual trees.
The second objective of this thinning would be to maintain live crown ratios in excess 
of 35%. More than likely the favored trees would be dominants and codominants which 
are the largest diameter trees. This further complicates the situation in attempting 
to market the wood removed as a result of the thinning operation.
Approximately 50-55 sq. ft. of basal area/acre would be removed during this 
thinning or about 60% of the stems. The residual basal area would be about
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100 sq. ft./acre. The anticipated volume of material removed during this thinning 
would be about 11 standard cords/acre. Assuming this small diameter material could 
be marketed at current pulpwood stumpage prices the value of this material would 
be approximately $64/acre (Table 1).
The second thinning at age 80 should provide a much larger monetary return 
because the wood products removed would either be merchantable as pulpwood or as 
small sawtimber. Sawtimber quality should be high and the higher value intolerant 
species should dominate the sawtimber volumes produced at this time.
Full merchantable heights should be attained by age 80 for all species. The 
average merchantable height should be about 45-50 ft. Dominant and codominant stems 
of tolerant species will average about 10 inches DRH and intolerants about 13 inches 
DEH. Average DBH for all stems at age 80 should be approximately 10-11 inches.
Stand basal area will be approximately 140 sq. ft./acre.
The thinning approach at this time will be to identify crop trees which will 
be carried through to the end of the rotation (age 120). All other trees will be 
removed at this time. Stem densities will be reduced to approximately 110 trees/ 
acre and basal area will be cut back to 75-80 sq. ft./acre. The objective here is 
to provide maximum growing space for the crop trees throughout the remainder of the 
rotation in order to achieve maximum diameter growth. Sawtimber yields from the 
age 80 thinning should approach 2500 bd. ft./acre and pulpwood yields should be 
around 14 cords/acre. The stumpage value of this material at current prices is 
$334.60 (Table 1).
Throughout the thinnning process the forest manager should keep in mind that a 
minimum number of stems of all species, particularly the heavy seeded species such 
as black cherry, sugar maple and white ash, should be retained through the end of
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the rotation to provide the necessary seed for the regeneration of a new stand.
End of Rotation: At age 120 years the current rotation should be ended. 
Regeneration will again be established under a shelterwaod system. Therefore, the 
harvest of the 110 trees/acre comprising the stand at age 120, will actually be 
completed in two steps. For the purposes of this discussion however, the yield and 
values of these crop trees will be considered to occur all at one time. At the end 
of the rotation, the average stand diameter will be 16 inches DBH. The range in 
diameters should be between 12 and 20 inches with intolerant species generally being 
the largest stems in the stand. The average basal area/acre should be 140 sq. ft./ 
acre. Merchantable heights will still be between 45 and 50 feet as they were at age 
80. The final volumes to be harvested at the end of the rotation should approach 
13,500 bd. ft. of sawtimber and 26 cords of pulpwood/acre. The value of this 
material at current stumpage prices would be $1774.50. Thus the total value returned 
to the landowner resulting from this management over the entire 120 year rotation 
would be $2172.70/acre or $18.10/acre/year. The mean annual increment with two 
thinnings would be 54.9 cu. ft./acre/year.
The contribution of intolerant species to the overall values derived from this 
even-aged management system is obvious. The faster growth rates and greater height 
development exhibited by these species are evident at each stage of stand development 
from age 10 through age 120.
Hardwood Conifer Stands
Management of hardwood-conifer stands is complicated by the fact that deer 
commonly use these areas in summer and some stands are also heavily used in winter. 
The effects of deer on these sites is again primarily limited to the regeneration 
phase of the rotation. The impact of deer in summer is minimized through adequate
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deer density control as described previously for hardwood stands. However, winter 
use is more difficult to control because deer from extensive areas of summer range
will concentrate in certain hardwood-conifer stands using them as "yarding areas".2
Deer densities can be extrememly high under these conditions (> 50 deer/mi ) and as 
a result their impact of the vegetation within 8 feet of the ground is an important 
consideration in regenerating a hardwood-conifer stand. In addition, if the forest 
land manager is concerned for the welfare of deer using these stands, consideration 
must be given to the protection, maintenance, or development of the stand charac­
teristics which are associated with a deer wintering area. Deeryards are vital to 
white-tailed deer survival in northern climates such as the Adirondacks and are 
classified as "critical environmental areas" by the Adirondack Park Agency thereby 
requiring special consideration in management planning.
Research has shown that deer use of an area in winter in spruce-fir, northern 
hardwood country, is related to stand density, softwood crown closure, average 
elevation, and the occurrence or absence of steep slopes COzaga 1968, Verme 19.65,
Weber et al., ms. in preparation). These characteristics provide the microclimate 
advantages of reduced snow depths and wind velocity, higher temperatures, narrower 
daily temperature fluctuations and higher relative humidity than areas lacking this 
shelter (Ozaga 1968). These properties are most closely associated with softwood 
tree species and are most likely to occur in areas comprised of over 50% conifers, 
with softwood crown closures from 50-75%. However, deer have been known to winter 
in stands with softwood crown closure of less than 32% and therefore deer use of the 
area should be used as the single most important criteria for determining which of 
the following management philosophies are to be used. Mixed hardwood-conifer stands 
which are not currently supporting winter concentrations of deer but have the potential 
to do so should be identified by using an equation developed by Weber et al. (ms. in 
preparation). This equation:
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D = 0.375X, + 0.012Xo - 0.106X. + 0.069X,, + 0.00^IXc - 5.580, ± 3 3 4 -  o
where:
X^ = site index of stand (using red spruce or hemlock at age 50),
Xj = number of hectares of stand,
X^ = average basal area of stand (all stems >2.54 cm),
X^ - average softwood crown closure of stand,
Xj. = relative change in elevation of stand,
- 5.580 = constant,
determines the vegetative ability of an area to support deer in winter. Raw 
data values (X's) are mulitipled by the appropriate coefficients and summed together; 
if D > 0 the area is determined to be capable of supporting winter concentrations 
of deer (Weber 1981).
After identifying these potential deer winter concentration areas the forest land 
manager should decide whether or not they will be managed as existing deer wintering 
areas or as non deer wintering areas. In order to best accommodate deer in these 
stands, certain compromises in timber production are required. Therefore the manager 
should recognize that loss in revenues will occur when the alternative to favor deer 
is chosen.
As a result of these concerns, management of mixed hardwood-conifer stands will 
be divided into two groups - one prescription dealing with stands which do not support 
deer in winter and a second prescription for stands which serve as winter deer yards.
Non Deer Yard Stands: In those hardwood-conifer stands which do not currently 
support deer in winter the shelterwood regeneration system and the associated manage­
ment techniques described have been used successfully in managing these sites, as well 
as hardwood sites. Some modifications in the techniques involved are required to
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accommodate varying site conditions and species requirements. The basic system and 
many of the same techniques described previously for hardwood sites apply to these 
mixedwood stands.
A  typical mature hardwood-conifer stand contains a variety of species, including 
yellow birch, red maple, beech, hemlock, and red spruce as primary components of the 
overstory. Less abundant species would include balsam fir and sugar maple.
The understory of these stands is most often occupied by beech, red spruce, and 
witchhobble. Cutting in the overstory, whether heavy or light, encourages the 
development of beech and red spruce.
The forest manager must decide whether or not to incur the expense of a herbicide 
treatment or grow a stand of beech and spruce. If the forest manager decides against 
treatment the stand could be managed under an all-aged or even-aged system with beech 
and spruce being the primary species of interest. Under an all-aged approach, yellow 
birch, red maple, and balsam fir will not regenerate to any large extent. Under an 
even-aged management system without site treatment the numbers of these species in 
the regeneration will be restricted due to the aggressiveness of the advance beech and 
red spruce already present in the understory.
If the manager chooses even-aged management with site treatment, the herbicide 
treatment will generally require use of the spaced-axe cut technique. Hie to rocky 
ground, wet areas, and poor visibility as a result of the understory spruce, experience 
has shown that uniform coverage of the herbicide application using the skidder unit 
is difficult to achieve on these sites.
If the spaced-axe technique is used, all beech stems up to 8 inches DBH should 
be treated. The red spruce is not treated, as this species is a desired component of 
the future stand. Treatment with herbicides using the spaced-axe cut technique,
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should be done following the first cut in the overstory. This will reduce the 
number of stems to be treated and access within the stand will be improved as a 
result of cutting.
Cutting units should be similar in size to those described for hardwood sites. 
Units of 100 acres or larger are preferred as deer use of hardwood-conifer sites in 
summer can result in serious over browsing on small units, particularly on hemlock
and yellow birch which are preferred browse species. Deer density control should be2
exercised if deer densities exceed 12-13 deer/mi .
The establishment of the shelterwood stand is similar to that described for 
hardwood sites. Initial basal area will be around 160 sq. ft./acre. The first cut 
should reduce this density to 40-50 sq. ft./acre. Removal of this high volume of 
material will cause considerable damage to advance red spruce regeneration which 
commonly occurs on these sites.
The leave trees which make up the shelterwood stand should be red maple, yellow 
birch, and hemlock. All pulpwood and sawtimber size red spruce and balsam fir should 
be removed as they will be subject to windthrow under these open stand conditions. 
Sugar maple should not be left on these sites because research has shown growth rates 
to be poor (Simon 1979, Temple 1981). Hemlock often tends to occur in groups on 
hardwood-conifer sites. It is important when marking the stand to break up these 
groups, leaving only 1 or 2 trees 14-16 inches in diameter. Observations indicate 
that regeneration is slow to develop in and around groups of hemlock trees. The 
dense shade conditions associated with these groups of hemlock trees may be the reason 
for this lack of development. Red maple appears to do very well as a residual tree, 
however 13 to 16 inch trees are preferred over larger old growth trees.
Yellow birch should be part of the residual shelterwood stand on hardwood- 
conifer sites. Vigorous trees with full, healthy crowns, 10-15 inches DEH, are
N.Y. W-1G5-R, Job XEII-6 40
generally best. Old growth trees or trees with poor crowns and excessive defect 
are poor risks and should be removed at the time of the first cut. On hardwood 
sites, recommendations were to remove all yellow birch. However, research has shown 
that yellow birch does well on mixed hardwood-conifer sites with grcwth rates being 
higher on these sites than on hardwood sites. Undoubtedly, some trees will suffer 
from the exposure resulting from the heavy first cut. however, the shelterwood will 
be harvested within 5-8 years normally, and most of these trees should still be 
merchantable. On the other hand, many trees will respond favorably and grow rapidly 
during the interim period. Skidding and felling damage to residual yellow birch 
should be avoided whenever possible. Observations indicate that this species is very 
susceptible to this form of injury, particularly in conjunction with the exposure 
associated with cutting. Relatively few residual yellow birch are required to 
adequately regenerate the site. Generally no more than 1 or 2 trees/acre should be 
left due to the high risk associated with this species under these conditions.
Regeneration should develop along patterns similar to those described for hard­
wood sites. Red maple, yellow birch, red spruce, and beech will comprise a bulk of
the regeneration. Hemlock regeneration will be minimal, unless deer densities are
_ 2
very low (less than 5 deer/mi ). Hemlock is a preferred browse species and relatively 
low deer densities are able to impact regeneration of this species.
Removal of the shelterwood stand should occur as early after regeneration is 
established as possible. Hardwood regeneration seems to be able to withstand the 
harvesting activities associated with removal of the shelterwood stand much better 
than conifer species such as red spruce and balsam fir. If the conifer regeneration 
is allowed to develop to heights in excess of 4 feet, substantial damage will result 
during the shelterwood removal cut. Heights of 1-3 feet are generally best for 
conifer species. In all cases, the shelterwood stand should be removed during the
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winter period so that the snow cover will provide some protection to the regenera­
tion on these hardwood-conifer sites.
A variety of management options are available to the forest manager on hardwood- 
conifer sites because all species involved have values as both pulpwood and sawtimber 
products. A short term pulpwood rotation of 60 years, with no interim management, 
is one very feasible option. However, in keeping with the original landowner 
objectives stated at the beginning of this report, a sawtimber rotation is the 
primary concern. Therefore, hardwood-conifer stands will be managed on a 120 year 
rotation.’
A single thinning will be made at age 60 at which time H5% of the basal area will 
be removed. The objective of this thinning is to remove low quality stems and low 
value species, and to provide adequate growing space for the residual trees through 
the remainder of the rotation.
The combination of conifer and hardwood species should prevent stagnation of the 
stand at an early age, which is common in pure spruce-fir stands. The thinning should 
maintain a nearly equal representation of red maple, yellow birch, and red spruce. 
Anticipated yields from this thinning are expected to be 15 cords/acre of hardwood 
and softwood pulpwood. The value of this pulpwood at current stumpage values is 
$120. 00.
No other interim management activities are planned between age 60 and 120.
Growth rates may be retarded as a result of the single thinning, however it it 
anticipated that the varied crown structure resulting from the combination of soft­
woods and hardwoods, combined with the effects of the age 60 thinning will minimize 
this effect.
Average stand diameter should be approximately 15 inches DEH at age 120. The
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range in diameters would generally be between 10-18 inches. Red maple and yellow 
birch should exhibit larger average diameters than red spruce. Merchantable height 
of red spruce would be greater than for the hardwood species.
Basal area at rotation age would be 150-160 sq. ft./acre. Pulpwood volumes 
would approach 39 cords/acre and sawtimber production would average 12,500 bd. ft./ 
acre. The average stunpage value resulting from these production figures would be 
$1687/acre. Thus, the total value returned to the landowner resulting from this 
stand would be $1807/acre or $15.Q6/acre/year. The mean annual increment with one 
thinning would be 53.2 cu. ft./acre/year.
Despite the apparent similarity in mean annual increment between hardwood sites 
and hardwood-conifer sites, the values returned from mixedwood sites are less due 
primarily to the smaller diameters associated with the trees harvested and the lower 
stumpage values of the material involved.
Deer Yard Stands; In those hardwood-conifer stands which are currently being 
used by deer in the winter, the management objectives include timber production and 
harvest and the perpetuation of the usefulness of the stand as a deeryard. Several 
harvest strategies have been developed to accomplish this on predominantly pure 
softwood sites CVerme 1965; Marston, Maine Dept, of Inland Fisheries and Game; Lanier, 
U.S.D.A. Forest Service, pers. comm.) when even-aged management is being practiced.
The basic strategy of all these methods is to maintain at least 50% of the area in 
the 50+ year age class and to promote the regeneration of softwood species. Fifty 
years is used as it has been determined that it takes 40-60 years for softwood species 
to develop cover characteristics consistent with winter deer use ( Strong 1977). This 
same basic strategy appears to be appropriate for managing mixed hardwood-conifer 
stands used as deeryards.
These stands will be managed under a system of even-aged silvicultural using
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patch clearcuts as the regeneration method and a rotation age of 125 years. The 
entire stand will be harvested in a series of five cutting operations made at 25 
year intervals. Each cutting operation will involve 1/5 of the total area of the 
stand through a series of 3-5 acre patch clear cuts. The distribution of these units 
should be such that the integrity of softwood cover is maintained, which should 
allow continued use of the area by deer.
Timing of these cuts should be such that when the third cut is made, 2/5 of the 
area should be in old timber (> 50 years), and 1/5 should be about 50 years old. As a 
result, 3/5 of the total stand area will be > 50 years old and this proportion will 
be maintained after each cut. A  125 year rotation was selected to be consistent with 
the forestry objectives of managing for sawtimber sized trees as stated earlier in 
this report.
It has been proposed (Weber et al. ms. in prep.) that patchiness of softwood 
cover, provided all patches are connected by travel lanes of softwood, should 
actually increase the usefulness of an area to wintering deer. Therefore, the size 
of individual cutting units is small. These snail units are also consistent with 
silvicultural needs for successful regeneration of high quality hardwoods (yellow 
birch and red maple) and important conifers (red spruce, balsam fir, and hemlock) 
which are the primary components of these hardwood-conifer stands.
Site preparation in the small clearcut patches will depend on the amount of 
advance regeneration of beech present and can be accomplished using either a broad­
cast or individual stem treatment after harvesting has taken place.
Only one thinning of these stands is planned. The timing of this operation will 
depend on the species composition of the regenerated stand. If yellow birch and red 
maple are successfully regenerated, thinning will be postponed until age 80-85. At
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this time basal areas should be about 120-125 sq. ft./acre and stems should be in 
the small sawtimber size class. This thinning will remove 1/4 - 1/3 of the stand, 
resulting in a residual basal area of 85-90 sq. ft./acre. Most trees to be removed 
will be low quality hardwood stems and balsam fir. Spruce will be removed only If 
there is a high risk of windthrow to isolated individual stems if left, or to 
develop adequate spacing. All fir will be taken because of the high probability that 
they will die before rotation age is reached. It is felt that the thinning can be 
delayed until age 85 without danger of stand stagnation as often happens in pure 
spruce-fir stands, because the significant hardwood component will act to break up 
canopy height in these stands. No hemlock will be removed at the time of the first 
thinning.
If yellow birch and red maple are not successfully regenerated, primarily as a 
result of winter deer browsing, beech will be the major hardwood component of these 
stands. In some situations it will even be impossible to regenerate beech. Thinning 
of these areas will be carried out at age 60 with beech pulpwood being the major 
product. Balsam fir would also have to be removed at this time, primarily as a 
pulpwood product.
Regardless of which thinning plan is used, the objective will be to leave a 
residual stand comprised primarily of red spruce, hemlock, yellow hirch, and red maple. 
Removal of some hardwoods during the thinning operation should be beneficial to 
residual softwoods and should promote crown development in these trees.
It is quite possible that the composition of the softwood portion of the 
uncut hardwood-conifer stand will include varying amounts of hemlock, red spruce, and 
balsam fir. It is likely however, that red spruce will make up almost all of the 
softwoods present in the regenerated stand. This is because hemlock, and to a lesser 
degree, fir, are utilized by deer as browse. Regeneration of these species in wintering
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areas with high deer densities in cuts 3-5 acres in size will be limited at best.
Any hemlock that do develop in the regenerated stands should be maintained through 
rotation age as the characteristics of this species as a cover component are excellent. 
These trees will provide a seed source for future regeneration.
Timing of the regeneration cuts, as previously mentioned, should be about every 
25 years. This cutting schedule can be modified somewhat however in response to 
low deer populations. If for instance, deer populations are low 2-3 years prior to 
a scheduled cut, it would be beneficial to cut the stand early as the likelihood of 
regenerating a higher percentage of yellow birch and red maple in the hardwood 
component, and hemlock and balsam fir in the softwood component, is greatest. Delaying 
these cuts for similar reasons is also a possibility, however large declines in deer 
populations appear' to be related to severe winter weather and are extremely difficult 
to predict. At any rate, timing of these cuts should not be changed by more than five 
years and every attempt should be made to get cuts back on schedule with the next 
harvest.
The alternative management scheme discussed in conjunction with hardwood-conifer 
stands used by deer in winter will result in seme reductions in income to the land- 
owner. These losses will be discussed later in this report.
It should be mentioned that the discussion of hardwood-conifer stand management 
presented is based on limited research and experience. However, some data on 
growth, stand development, regeneration success, and impacts of deer were available 
for these types of stands and this information was used to develop the management 
recommendations outlined above.
Softwood Stands
As the name implies, spruce-fir stands are composed primarily of red spruce
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and balsam fir. Less abundant species associated with these stands (often comprising 
as little as 10% of the stems) include red maple, paper birch, yellow birch, and 
white pine.
In the Mirondack region of northern New York, spruce-fir stands occur at the 
lower and higher elevations. Generally, stands at the higher elevations are unable 
to be harvested due to the steep slopes characteristic of these sites. At extreme 
high elevations growth is very slow and form is poor resulting in trees which are 
unmerchantable. Spruce-fir stands at lower elevations are often associated with 
water courses, lake shores, or low, relatively flat areas. Stands are often even- 
aged either as a result of past timber management activities or natural catastrophes. 
Stand development is very uniform resulting in relatively slow growth rates. Stem 
densities are usually very high in these stands making harvesting operations 
extremely difficult. Spruce-fir stands often develop on thin soils and are highly 
susceptible to wind damage. Even extremely light thinnings can lead to severe losses 
as a result of windthrow. As a result of these factors, spruce-fir stands should be 
managed under an even-aged silvicultural system.
The combination of high stem densities, resulting in minimal live crown ratios 
and thus slow growth rates, and the inability to thin these stands without risking 
substantial losses to wind damage, dictates that the rotation age to produce sawtimber 
size trees would be extremely long. In addition, balsam fir is a relatively short­
lived species and could be lost before rotation age is reached. Mortality in pole 
sized stands is often very high and eventually will result in the release of sane 
stans which will develop into sawtimber sized trees. Generally, the forest manager 
is not in a position to wait for this to take place.
Primarily as a result of these factors, spruce-fir stands have been managed on a 
50-60 year pulpwood rotation. Clearcutting has become the accepted silvicultural
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system used in regenerating and harvesting these pulpwood sized stands.
Using figures obtained from paper companies harvesting spruce-fir stands in 
the Adirondack region, yields are between 40-50 cords/acre. The average diameter 
in rotation age stands is 8-9 inches DBH, and the average basal area/acre is 190 
sq.ft./A. Merchantable heights are uniform and are generally around 35-40 ft. Mean 
annual increment is approximately 60 cu. ft./acre/year. The stumpage value generated 
from a stand with these characteristics should be $320-$400/acre. Average annual 
inccme resulting from management of pulpwood spruce-fir stands such as those 
described, would be $6.67/acre/year.
In managing of a spruce-fir stand under a clearcutting system, the forest 
manager must again be aware of the Adirondack Park Agency regulations regarding 
"clearcutting", described previously in this report.
Harvesting of these stands can be done using conventional equipment (skidder, 
chainsaw) or with a feller-buncher unit and a mechanized timber processor. The 
feller-buncher unit shears the trees off at the base and piles them in groups Call 
butts facing the skid trail). A grapple skidder is generally used to take each group 
of trees (limbs attached) to a landing site where the timber processor delimbs the 
trees, cuts them to length, and stacks the material. Use of this type of equipment 
is widespread in many northeastern states, particularly in northern Maine. Its use 
in northern New York is limited but appears to be growing.
The advantage of this equipment over conventional logging practices are that 
greater volumes of wood can be processed faster. In general, trees are small, with 
numerous limbs, and the dense stands make chainsaw felling difficult. These factors 
result in increased time and effort, and lower outputs, using conventional logging 
practices. Another advantage of the mechanized harvesting approach is that increased
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activity on the site with large equipment increases site scarification which can be 
important in the establishment of red spruce and balsam fir seedlings. This same 
scarification also encourages establishment of both paper and yellow birch.
Regeneration of spruce-fir sites following clearcutting has been widely 
researched. Establishment of an adequate stocking of spruce and fir seedlings should 
not be a problem if cutting units are small or linear. Clearcutting in patches 10-20 
acres in size or strips not wider than 500 ft. should result in establishment of 
adequate conifer regeneration. If advance regeneration is present on the site, it 
should respond rapidly following clearcutting assuming it is not destroyed during the 
harvesting operation. Seed of red spruce and balsam fir is viable in the soil for 
only a single year and as a result regeneration cannot be counted on from seed cast 
more than one year before cutting. Good seed years occur every 2-4 years, however 
there is no guarantee that both balsam fir and red spruce seed years would coincide.
Once seedlings become established, growth is largely related to overhead 
competition. Dense growth of raspberry and hardwood seedlings on clearcut sites can 
restrict development of the conifer species (Frank and Bjorkbom 1973).
A broadcast herbicide treatment similar to those described previously should 
eliminate this competition and release the spruce-fir seedlings (McCormack et al. 
1978). Once released, the conifer seedlings should rapidly dominate the site. With­
out release it is possible that a variety of hardwoods could overtop the slower 
growing spruce and fir and develop to merchantable pulpwood size with spruce and fir 
in the under story. Both red spruce and balsam fir are shade tolerant and would 
survive under these hardwoods. Harvest of the over-topping hardwoods would release 
the spruce and fir in the understory. This situation would provide the forest manager 
with a variety of management options.
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Excessive browsing pressure by white-tailed deer during the early years after 
regeneration may restrict hardwood development and allow spruce and fir to dominate. 
However, if this kind of deer pressure exists, balsam fir would also suffer from 
browsing and the stand might shift to one of nearly pure red spruce. Thus, the 
management of spruce-fir stands which are heavily used as deer wintering areas, will 
be restricted to a rotation of 50-60 years with no intermediate cuttings.
Spruce-fir stands not used by deer as winter yarding areas and located on sites 
with deeper soils will be managed on a sawtimber rotation under the same patch clear- 
cut regeneration system described previously. Regeneration should be dominated by 
red spruce and balsam fir in these stands along with a small percentage of hardwoods 
(generally < 10%). Release of spruce-fir regeneration from early hardwood competition 
may still be required. Maintenance of adequate DBH and height growth may also require 
a mechanical strip thinning at age 10-15 years to avoid stand stagnation. The cost of 
such an operation should be between $100-$200/acre. In addition, at least two light 
thinnings each removing 10-20% of the basal area will be necessary to maintain growth 
through age 120. These thinnings, one at age 50-60 and another at age 80-90 will 
result in some losses of residual stems due to wind damage. Removals will be largely 
aimed at balsam fir and inferior hardwoods with red spruce (the more windfimq 
longer lived,and more valuable species) retained through rotation age. At rotation 
age, red spruce should average 16 inches DBH and basal area will be approximately 
170-180 sq. ft./acre. Thinnings should generate $150-$200/acre and pulpwood and 
sawtimber volumes at the end of the rotation should result in an additional $920/acre. 
Average annual income from these stands would be $9.16/acre/year.
Management of stands under this alternative is more closely aligned with the 
original objectives of the landowner. Ely following the same basic regeneration system 
(patch clearcutting) and following a regulated cutting schedule which maintains at
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least % of the area of the stand in older age classes (> 50 years) the potential 
for these stands (which currently do not serve as important deer wintering areas) 
to in the future provide winter deer habitat is not destroyed.
EFFECTS OF TIMBER MANAGEMENT ON DEER HABITAT
Even-aged timber management has been shown to provide growing conditions which 
favors mximum species diversity within each management unit at early stages of 
stand development. The wide variety of tree species established on these sites 
have been mentioned already, but a diverse species composition of herbs and shrubs 
also develop during the early years following the regeneration cut.
Despite the traditional label attached to the white-tailed deer as a browsing 
species, research has shown that the diet of these animals is composed largely 
of highly palatable non-woody plants during the spring and early summer period. As 
the summer progresses, utilization of woody browse by deer increases and peaks during 
the late summer and fall period and then continues through the winter. This shift to 
woody browse is not surprising when one considers that the pattern of availability of 
non-woody plants follows an opposite pattern; high in spring, diminishing through the 
summer, and is nearly non-existent in the fall and winter.
Impacts of deer on tree regeneration on hardwood sites are most severe during 
the late summer, fall and early winter periods, as would be expected based on these 
availability patterns. Impacts on mixed hardwood-conifer sites and softwood sites 
may also be severe during the winter. The major point here is that during the early 
stages following adequate regeneration, both woody and non-woody plants are available 
in abundant supplies within easy reach of white-tailed deer. This stage of develop­
ment probably represents the best spring-summer-fall habitat for white-tailed deer the
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forest manager can provide.
The duration of this high quality habitat stage on hardwood and mixed hardwood- 
conifer sites is expected to be 15 years. The second cut which removes the shelter- 
wood stand will set back plant development on a portion of the area (as described 
previously). This action should extend the high quality deer habitat stage another 
10 years to age 25. At this time, height development and crown closure of tree 
species will shade out much of the herbaceous plant material and trees will grow out 
of the reach of white-tailed deer.
From age 25 through age 50 the young pole stand will offer very little in 
support of deer. The near total crown closure should restrict development of under­
story vegetation. The thinnings at age 50 and 80 in hardwood stands and at age 60 
or 85 in hardwood-conifer stands will open up the stand and stimulate development of 
vegetation at the ground level. It is expected that the heavy thinning at age 80 or 
85 will be the most beneficial of the two thinnings in stimulating under story 
development and have a longer lasting effect (Fig. 2).
It is clear that the ability of these even-aged management units to support 
deer will vary considerably during the course of the rotation. As mentioned 
previously, expected changes in deer densities will result primarily through re­
production, not from immigration, and thus changes in deer densities should lag 
behind vegetational changes.
INTEGRATION OF TIMBER AND DEER MANAGEMENT
The discussion so far has dealt with changes in the development of vegetation 
within a single management unit, as it relates to the ability of the area to support 
deer. If management units average 100-200 acres in size as recommended previously, 
a single unit is less than % the average size of a single deer's summer range.
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Depending on deer population densities and the degree of range overlap among 
individual deer, a unit this size will have an impact on relatively few animals. 
Certainly not enough to result in widespread changes in population density. In 
order to produce changes in population densities units of 1000 acres or more 
must be involved.
The duration of the stage at which summer and fall habitat quality is best for 
white-tailed deer lasts about 20-25 years within a single unit. By regenerating 
individual management units adjacent to one another or in the same general area 
within this time frame a larger overall area is impacted.
The effect of this concentration of cutting units should result in a positive 
effect on the deer population in this larger area and still be compatible with yield 
regulation on an area basis. It should be remembered however that adequate deer 
density control must be practiced or expanding populations could adversely impact 
plant development on newly established regeneration on sites adjacent to or 
within the overall management area. As the forest manager moves in the direction of 
sustained yield even-aged management under an area regulation system (described 
later on in this report), the number of stands in different stages of development 
(with varying habitat structure) will increase and eventually all stages from the 
regeneration phase to mature stands will exist on the ownership. Areas of better 
deer habitat will shift throughout the ownership over the course of the rotation. 
These changes should be anticipated. The approach to the integration of timber and 
deer management described above should be applicable to both hardwood and hardwood- 
conifer sites. In planning timber and deer management programs the forest manager 
should consider the total area in these two types as a combined land area with which 
to work. The idea that every acre should produce high numbers of deer (or other 
resources) at all times, is not compatible with even-aged management and is probably
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unattainable with any system of forest management.
All softwood sites on the ownership should be managed under a regulation scheme 
which is not tied to hardwood and hardwood-conifer site management schedules. This 
is particularly true in the case where softwood sites represent a small portion of 
the total ownership. If particular softwood stands are also important deer wintering 
areas and the size of these units permit (in excess of 50 acres), they should be 
managed individually under a sustained yield even-aged system. If units of 10-50 
acres in size are scattered throughout the ownership, which often occurs, the silvi­
cultural system described previously should be followed; but management of these 
small stands on an individual sustained yield basis is impossible. Consideration of 
these small stands collectively as part of the overall sustained yield softwood 
management system for the ownership is the logical alternative.
In softwood stands managed under an even-aged silvicultural system, winter 
cover requirements and food resources for deer are not likely to occur on the same 
unit at the same point in time. Food supplies will be limited in stands which provide 
adequate cover and deer will be forced to forage in young stands which do not provide 
cover. Maximum justaposition of stands < 5 0  years old and > 5 0  years old under saw- 
timber rotations (or alternately < 30 years and > 30 years in pulpwood rotations) 
should be maintained throughout the rotation. The edges of uncut (or older aged) 
stands bordering cut (or younger aged) stands will receive some added light, 
encouraging the development of under story vegetation as far as 50 ft. into the uncut 
stand.
The impact of white-tailed deer on an even-aged forest management program is 
most significant during the regeneration phase of the rotation. This is true on 
hardwood, hardwood-conifer or softwood sites. In stands not used by deer in winter,
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adequate deer density control minimizes the impact of deer and can result in an 
increase in revenue from hunting. In stands where deer concentrate in winter, the 
impact of these animals is more profound and can require some adjustments in manage­
ment practices on the part of the forest land manager. These adjustments are 
necessary to meet forest management goals and to maintain stand characteristics 
important to white-tailed deer survival in winter. The forest manager does not need 
to alter his basic approach to the management of hardwood-conifer stands or softwood 
stands to accomnodate wintering deer. The major added requirement is careful planning 
which maintains maximum interspersion of young and old aged stands within the overall 
management unit. This compromise will result in an increased cost to the landowner 
by adding complexity to the management program. The magnitude of this cost is 
difficult to determine.
Specifically, the delay of the thinning from age 50-60 years in hardwood-conifer 
stands to age 80-85 years will result in a loss in timber production. On softwood 
sites, management under a pulpwood rotation could result in reduced revenues as 
compared with a sawtimber rotation. This would depend to a large degree on site 
characteristics. In addition, if the impact of deer reduced the balsam fir component 
of a stand and increased the percentage of slower growing red spruce, the volumes 
generated in a 50-60 year pulpwood rotation would be considerably less.
BENEFITS OF EVEN-AGED TIMBER MANAGEMENT
The increased diversity of species established under an even-aged management 
system with adequate site preparation treatment and effective deer density control 
not only provides the forest manager with a wide variety of management and marketing 
options throughout the rotation, but can also be beneficial in minimizing the 
impacts of insects and disease.
N.Y. W-1Q5-R, Job XIII-6 55
Repeated periodic use of heavy logging equipment on the site, typical of all­
aged management is avoided under an even-aged management program. Research has 
shown that a single partial cut can result in damage to 20% of the stems in the 
residual stand (Nyland et al. 1977). Frequent cutting intervals (every 10-15 years) 
throughout the rotation could result in virtually no stems reaching maturity undamaged.
The relatively short cutting cycles typical of all-aged management barely permit 
the visual effects of logging to disappear before another cut takes place. Longer 
intervals between periods of cutting involving larger management units and heavier 
harvests may be more compatible with wilderness management philosophies than light, 
frequent cuts (R.H. Rrocke, pers. comm.).
Habitat structure has been shown to be a very important factor associated with 
wildlife diversity and the abundance of certain species. Even-aged timber management 
practices can reduce structure on any single unit, however over the entire ownership 
of a completely regulated forest, a maximum variety of habitat structure should 
exist. Even within a single unit variation in growth rates and form of different 
species, effects of site differences, and other variables result in a certain degree 
of stand structure within an even-aged stand. As described earlier in this report, 
changes are expected to occur in the relative ability of any one stand to support 
deer during the course of the 120 year rotation (Fig. 2). At no time is the stand 
expected to be unable to support seme deer. Furthermore, the size of tie cutting 
units described are such that in relation to the average size of a deer's sunnier 
range no animal would be exposed to only one cutting unit.
The compatibility of an even-aged management system with effective deer density 
control measures has been demonstrated. It has also been shown that greater deer 
densities can be carried under an intensive even-aged management system than can be
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tolerated under an all-aged management regime.
The association of even-aged management with the clearcutting silvicultural 
system of regeneration has had an effect on public acceptance of this type of forest 
management. The shelter-wood regeneration system described in this report mitigates 
all of the major concerns expressed against clearcutting. A  green, healthy, rapidly 
growing forest is present on the site at all times during the rotation.
The actual practice of even-aged management,although complex, nay be more easily 
conceived and carried out than true all-aged management. Recent research concerning 
all-aged management suggests that this system is very difficult, if not impossible 
to actually achieve, particularly under current market and cost restraints.
Even-aged management is not the answer for all forest sites or all forest manage­
ment objectives, but it is an effective, proven system which results in increased 
plant diversity; probably a factor very few can reject whether they be wildlife 
biologists, foresters, or ecologists.
FOREST REGULATION
The regulation of timber harvesting under an even-aged management system is 
generally accomplished under an area regulation system. Using this approach, the 
total land area under management is divided into equal sized units. The size of 
each unit is determined by dividing the total managed land area by the length of the 
rotation. For the ownership used as an example in this report, cutting unit size 
for hardwood and hardwood-conifer sites was determined based on the sum of the land 
area in these two forest types (8000 acres in hardwood and 3000 acres in hardwood- 
conifer = 11,000 acres total). This figure divided by the rotation age of 120 years 
results in a cutting unit of 92 acres. The cutting unit size for softwood areas was 
determined separately based on a total land area of 1000 acres and a rotation age of
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60 years, resulting in an annual cutting unit of 17 acres.
Ideally, under the area regulation system when complete distribution of age 
classes has been achieved, 120 cutting units of 92 acres in size, ranging in age 
of 1-120 years would be established on the ownership (for the combined hardwood 
and hardwood-conifer land areas). Each year 1 unit would receive a thinning at age 
50, 1 unit a thinning at age 80, and 1 unit would be cut to end the rotation and 
regenerate this same unit to a new stand. An additional 17 acre unit would also 
be cut under the regulation scheme for softwood sites. In any one year, cutting 
would occur on 293 acres within the total ownership. Site preparation would be re­
quired on one 92 acre hardwood or hardwood-conifer site and one 17 acre softwood site.
In the process of achieving complete regulation on an area basis a variety of 
compromises can and must be made if the forest manager is to achieve his goal and 
continue to generate income during the transition period. Usually during the trans­
ition period, variable annual income will result depending on the nature of the 
compromises required to achieve complete forest regulation (Roach 1974).
The apparent inflexibility of the area regulation system should not intimidate 
the forest manager. A wide variety of options still exist, all of which should be 
continually evaluated in light of changing markets, variations in site productivity, 
advances in forest fertilization, harvesting technology, and wood product 
utilization.
A  system of forest regulation should identify the limits within which the 
forest manager can operate under a sustained yield timber management program. The 
ultimate success or failure of the management program will depend to a large degree 
on the decisions made by the forest manager working on the site.
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ECONOMIC RETURNS UNDER AN EVEN-AGED TIMBER-DEER MANAGEMENT PROGRAM
The economic returns associated with the even-aged timber management system 
described in this report, as well as the values associated with deer hunting and 
other recreational use of forest lands, are presented in Tables 2-5. The information 
presented in these tables represents average conditions. For example, if growth 
projections indicated pulpwood volumes should be between 40 and 50 cords/acre at a 
particular harvest age, a figure of 45 cords/acre was used in the development of the 
values shown in these tables. Stumpage prices used for pulpwood and sawtimber volumes 
are presented in Appendix V . All sawtimber volumes are based on the Scribner 
Log Rule and all values presented in these tables are stumpage values (values of the 
trees as they stand in the woods).
The volumes presented were determined from actual measurements of stands on the 
Huntington Forest, or volumes removed as a result of timber harvesting. The pro­
jected volumes for hardwood stands were determined from actual growth data collected 
at the Huntington Forest or elsewhere in the central Adirondack region of New York. 
Thus, realistic figures were used throughout the presentation for hardwood sites. 
Volume information for hardwood-conifer sites and softwood sites also came from the 
Adirondack region of New York. However, data was limited and extrapolation was 
necessary in sane instances. Costs associated with taxes were based on average 
regional tax rates for commercial forest land.
Road maintenance, site preparation, and seeding costs were based on recent 
research done at the Huntington Forest (Sage and Tier son 1975, Huntington Forest 
unpubl. data) (Appendix V).
Returns from recreational land use are representative of a wide variety of 
ownerships in the Adirondack region.
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In reviewing the income and costs presented in Tables 2-5, the reader is 
cautioned to examine carefully the land base that was used to determine total and 
per acre costs and incomes. In presenting the complete picture of the costs and 
income associated with forest land management, it was necessary to use different 
land bases at different times. For instance, deer hunting recreation can only occur 
on the 13,450 acre land area, while all forms of recreation, which includes fishing, 
must be based on the combined water and land areas. A  further example of this 
situation exists in comparing timber management income with costs. Costs were 
assigned to the total land base while income is generated only from the operable 
forest land area. The difference in these two areas is made up of inoperable sites, 
buffer strips left along lakes and streams, and land area in roads and buildings. 
These areas are part of nearly every forest land ownership and as a result net 
timber values/acre were determined based on the total land base, not from just the 
operable forest land. This reduced net values/acre by $1.23. Providing adequate 
buffer strips (100 ft. wide) around lakes, ponds, major streams and public highways 
accounted for 735 acres (50.7%) of the total 1,450 acres of inoperable land. Thus 
a cost of $0.62/acre/year can be assigned to these areas. This figure exceeds the 
income produced from deer hunting ($0.44/acre/year) under a fee hunting system. A 
net income of $10.19/acre/year represents the combined effects of growing high value 
species under an adequate thinning regime to maintain rapid growth through a saw- 
timber rotation. As mentioned earlier, a similar rotation of beech under the same 
thinning program would result in an income of only $5.16/acre/year.
The additional annual income resulting from deer hunting is $0.44/acre/year or 
4.3% of the net annual income from timber management. Providing access to forest 
land for all appropriate forms of recreational use, in addition to deer hunting, can 
result in a substantial increase in annual income to the forest landowner. This 
increase was shown to be 19.8% of net annual timber management income.
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USE OF THIS MANAGEMENT PLAN
The intent of this management plan is to provide one approach toward integrating 
timber and white-tailed deer management. The management philosophies are provided 
as guidelines to be used by the forest land manager in making management decisions. 
The techniques described should aid the manager in achieving desired goals. 
Modification for specific applications may be necessary. A  high degree of 
flexibility has been maintained in order to make the plan adaptable to a variety of 
forest land ownerships. The forest land manager working on the land is best 
qualified to identify where compromises and adjustments should be made to meet the 
specific objectives of the landowner.
Based on the material presented in this report a manual or bulletin that can 
be used by private forest landowners as a guide to forest/wildlife management of 
similar forest types could be developed. A  new job may be proposed under a 
subsequent segment of this project for the purpose of producing a suitable bulletin 
for foresters who are managing privately owned forest lands.
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1  Pictoral Presentation of the Key Steps in 
the Management of Northern Hardwood Stands 
Under a Shelterwood Regeneration System.
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5. Following Removal of Shelterwood Stand 
(Second Cut)
story (and Deer Density Control)
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4. Establishment of Even-aged Hardwood










Fig- 2 Anticipated Changes in Forage Production in an Even-aged Hardwood
Forest Stand During a 120 Year Rotation.
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i
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Table 1 A Summary of Volume Production, and Values1 Associated with a 120 Year Rotation of Even-Aged Hardwoods'
Age and Ave. No. , Ave. BA/A Ave. 
Treatment Stems/A  ̂ (sq. ft.) | Cu. ft./A
Ave. Bd. ft. Ave. No. ! Ave. BA/tree 
Vol./A2 Cds/A j (sq. ft.)








Before 635 155 j 2718 
Removed 375 55 844 
After 260 100 1874
0 34.0 0.245 











Periodic Annual Increment = 54.4 Cu. ft./A/yr.
Value Return = $63.60/A
Annual Gross Value Return during this period = $1.27/A/yr.
Age 80 
Thinning
Before 240* . 142 3787 
Removed 130 63 1528
| 47.3 0.590 15.78 10.4 : 45
2,500 ' 14.1 0.482 11.75 9.4 , 40
After 110 79 2259 : —  i 28.2 0.721
■
________________ ________ ,__ _____________________ :_______________ 1__________________________
21.05 11.5 ' 50
Periodic Annual Increment = 63.8 Cu. ft./A/yr.
Value Return = $250.00 Sawtimber + $84.60 pulpwood = $334.60/A 
Annual Gross Value Return during this period = $11.15/A/yr.
* Assumes 20 trees lost to mortality and. other factors
1
2


































Before 100* 140 4220 — 52.75 | 1.40 42.2 16.0 50
Removed 100 140 4220 13,500 25.75 1.40 42.2 16.0 50
After 0 0 0 0 0 —
i
— — 0
Periodic Annual Increment = 49. 0 Cu. ft./A/yr.
Value Return = $ 1620.00 Sawtimber + $154.50 pulpwood = $1774.50/A 
Annual Gross Value Return during this period = $44. 36/A/yr.
* Assumes 10 trees lost to mortality and other factors
Based on 1981 Stumpage Values 
Scribner Log Rule2
Table 2 A summary of Gross Annual Income Resulting From an Even-aged Management Program on a 15,000 Acre Ownership
Total Value Retum/A 
(in dollars)
Total Annual Value Returned (from cutting 
(in dollars) unit)
Annual Age Age
Cutting Unit 50 or 60 Age 80 End of 50 or 60 Age 80 End of
Acres (Acres) Thinning Thinning Rotation Total Thinning Thinning Rotation
Total Ownership 15,000
Total Land Area 13,450
Total Operable
Forest Land Area 12,000
Operable Hardwood




63.60 334.60 1774.50 2172.70 5,851 30,783 163,254
Operable Hardwood- 
Conifer Land Area 3,000 120.00 1687.00 1807.00 11,040 155,204
Operable Softwood 
Land Area 1,000 17 400.00 400.00 6,800
Gross Annual Income from Hardwood Cutting Unit ---------------------------------
Gross Annual Income from Hardwood-Conifer Cutting Unit ------------------------
Gross Annual Income from Softwood Cutting Unit ---------------------------------
2 Average Gross Annual Income from Hardwood and Hardwood-Conifer Sites Combined 










Either hardwood or hardwood-conifer.










Table 3 A Summary Of Total Annual Costs Associated With An Even-Aged Timber Management
Program On A 15,000 Acre Ownership.
-• Personnel Road Site Logging
Cutting Land + Operating M a i n t . Prepar. Site Seeding
Acres Unit Size Taxes/A/yr Cost/A/yr .Cost/A/yr Cost/A/yr. Cost ,/yr.
Total Ownership 15,000
Total Land Area 13,450 1.80 2.64 0.30 400
(excluding water) 
Total Operable 
Forest Land Area 12,000
Operable Hardwood 
Land Area 8,000 is
92 37.00
Operable Hardwood- 
Conifer Land Area 3,000
Operable Softwood 
Land Area 1,000 17 30.00
Totals $24,210 $35,508 $4032 $3914 $400
Total Annual Costs $68 , 064- or $5.06/A/yr. Chased on 13,450 acres)
Each year one 92 acre unit of either hardwood or hardwood-conifer is treated.
cnCT5
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Land Lease System $2.25 $2.02 $0.45 $6052.50
Fee Hunting System $0.8Q $a.44 $0.44 $5918.00
CD
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Table 5 A Summary of Net Annual Income Resulting From An Even-Aged Timber Management Program and
Recreational Uses On A 15,000 Acre Ownership.
TIMBER MANAGEMENT RECREATION
Deer Hunting Only (Fee Hunt) All Recreation (Lease)
Net Income
Land Base (Acres) /A/yr.
Total Annual Net Income 
Net Income /A/yr.
Total Annual Net Income Total Annual
Net Income /A/yr. Net Income
13,4-50 10.19 137,013 0.44 5,918
15,000 2 . 0 2 30,300
Total Annual Net Income From Timber Management and Deer 
Under a Fee Hunting System
Total Annual Net Income From Timber Management and All 
Recreation Under a Lease System
Net Income From Deer Hunting Expressed as a Per Cent of 
Net Annual Timber Management Income
Net Income From All Forms of Recreation Expressed as a 
Per Cent of Net Annual Timber Management Income
Hunting
----  $142,931 or $10.63 /A
$167,313 or $11.15/A 
4.3%
19.8%
Table 6. Comparison of weights and antler beam diameters of deer harvested during two periods of hunting 




WEIGHT (lbs.)14 ANTLER BEAM DIAM. (mm) 5
MALE FEMALE MALES ONLY
Mean N Sig3 Mean N Sig3 Mean N Sig3
Fawn 1966-701 52.0 38 * 51.4 31
1978-812 62.3 4 50.8 4
l k 1966-70 87.0 28 75.1 16 13.65 17
1978-81 109.4 9 94.0 1 16.13 8
2 k and 1966-70 115.0 34 sfi 95.5 27 * 21.88 34
3k 1978-81 137.2 9 105.3 7 22.44 9
Hk+ 1966-70 151.5 34 * 98.3 63. & 29.35 34 *
1978-81 189.5 8 122.3 3 35.00 8
. 2Day-use rifle hunting only under party permit system 1966-70 - estimated deer densities 27/mi in 1966
.2Combined archery, muzzleloader and limited rifle hunting 1978-81 - estimated deer densities 8-14/mi
A  probability of P < 0.05 was used to determine significance.
All organs removed
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APPENDIX I
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Common and Scientific Names of Plants and Animal Species Referred 












Acer saccharum M a r s h .
Acer rubrum L.
Fagus grandifolia Ehrh. 
Betula alleghaniensis B r i t t . 
Betula papvrifera Marsh 
Tilia americana L 
Prunus serotina E h r h .
Populus tremuloides Michx. 












Tsuga canadensis L. 




Acer pennsylvanicum L 





Odo coileus virginianus 
Castor canadensis
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HERBICIDE TREATMENT TECHNIQUES
IWo basic techniques have been employed successfully to control undesirable 
understory vegetation; broadcast treatments, and individual stem treatments. Both 
of these techniques have an important place in the management of hardwood and mixed 
hardwood-conifer stands.
When stem densities (of undesirable species) are high (400-1000 stems/acre) and 
a large majority of these stems are in the ^ to 3 inch DBH class, broadcast 
applications of herbicides are most effective and most economical. If stem densities 
are less than 300-400 stems/acre and trees are generally larger than 3 inches DBH, 
individual stem treatments are generally best. Other situations which require the 
use of the individual stem treatment technique include stands where slopes, topo­
graphy, and wet or rocky ground would prevent uniform coverage of broadcast 
application equipment, and stands in which adequate numbers (> 1000 stems/acre at 
least 6 ft. in height) of sapling sized stems of desirable species would be killed 
if broadcast treatments were employed. Use of individual stem treatments near 
sensitive areas such as property boundaries, buildings, lakes or streams, public 
roads, or anywhere drift might cause a problem, would also be appropriate.
Broadcast Treatment
Application of herbicides to understory vegetation using this technique, involves 
the use of a mist blower (air blast sprayer) mounted on a rubber-tired logging skidder 
or as a back-pack unit. The skidder unit is preferred because effective treatment 
height is greater and more area can be treated in the same amount of time. When the 
skidder unit is used, the fair lead unit of the skidder is removed, and the mist blower 
unit is mounted in its place. The mist blower delivers a low volume of chemical in 
very fine droplets that is carried to the foliage of the target vegetation in a high
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. velocity air spray. The density of the under story vegetation determines the width 
of the treated strip. Generally, strip widths vary frcm 30 ft. to 75 ft. The 
canopy of the understory vegetation intercepts all the chemical, preventing it from 
being carried upward and affecting valuable overstory trees. The use of this 
technique must be confined to closed canopy stands (not recently cut) to prevent 
upward movement of the chemical through "holes" created by recent removal of trees 
through logging. This type of treatment is therefore done before logging occurs in 
the overstory which aids in traversing the site uniformly, as logging slash is not 
a factor.
This application unit is capable of treating 6.5 acres/hour of spraying time.
The cost/acre of such a treatment is approximately $35.00 to $40.00 (adjusted to 
1981). These cost figures include labor, administrative, equipment rental, operating 
and chemical costs. Chemical costs are based on application rates of \  gallon of 
glyphosate (Round up) per acre. Treatments using this application technique and 
glyphosate at this rate, have resulted in a complete kill of 82% of the stems in the 
\  to 3 inch DBH class in tests at the Huntington Wildlife Forest. In general, a kill 
in excess of 70% is considered sufficient to achieve desired management objectives.
Other chemicals applied by the same technique have also proved successful in 
controlling undesirable beech understory vegetation. These include triclopyr 
(GarIon 3A) applied at a rate of ^ gal./acre; dicamba (Banvel 720) @ 3/4 gal./acre; 
fosamine (Krenite) @ 3/4 gal./acre; and picloram (Tordon 101M) @ \  gal./acre.
Further field testing of these chemicals is required to determine if lower 
application rates would produce adequate control of understory beech, at lower costs/ 
acre.
Broadcast herbicide treatments are generally most effective during the active
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growing season - June through August. Glyphosate appears to be most effective in 
the latter half of this period and into September. Fosamine is generally applied 
in the latter half of August and up until the time of fall leaf coloration. This 
particular chemical results in no "brown out" effect and may have particular 
applicability in areas where extensive areas of dead brown leaves would be 
objectional. Furthermore, use of this chemical could effectively extend the normal 
spray season by 3 to 5 weeks in the early fall.'*'
Broadcast treatments involving the herbicides mentioned above are generally non- 
selective. Most all "exposed" broadleaf plants are effected by the spray application. 
Certain species exhibit various degrees of resistance to particular chemicals but in 
general nearly all the understory vegetation (with the exception of conifer species) 
which occurs in the treated stand, is killed following herbicide application. These 
herbicides have little if any residual effect in the soil however., New tree seedlings 
and a variety of herbaceous plants will begin to develop on the site during the grow­
ing season immediately following treatment, particularly if cutting in the overstory 
is initiated (Huntington Forest unpublished data).
Most conifers present in the understory will be unaffected by these herbicide 
applications, especially if the application is made during the latter half of the 
summer period or in early fall. On hardwood sites, the number of conifer stems 
present in the understory is generally limited, however on mixed hardwood-conifer 
sites, a variety of conifer species may be present in substantial numbers. The 
tolerance of these conifers to the herbicide treatment appears to offer excellent 
potential for release of these tree species from competing hardwoods. This 
technique has been used in Maine and other regions where the primary objectives of
Reference to particular products is provided as a guide to the reader and does 
not constitute endorsement by the State University of New York, Obllege of 
Environmental Science and Forestry.
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forest management are aimed at conifer species (McCormack 1978). Treatment of 
hardwood-conifer sites with the skidder mounted mist blower unit has proven more 
difficult than hardwood sites due primarily to the physical characteristics of 
these sites, i.e. wet, rocky ground.
Individual Stem Treatment Techniques
Individual stem treatments are generally more expensive than broadcast treatments 
but offer the forest manager realistic alternatives for controlling undesirable 
understory vegetation on sites where broadcast treatment may not be appropriate. 
Additionally, in light of recent widespread concern over broadcast applications of 
herbicides in forested environments, individual stem treatment methods may represent 
practical alternatives.
A  wide variety of techniques, chemicals, and equipment have been developed for 
control of undesirable stems using the individual stem treatment approach. Research 
at the Huntington Wildlife Forest has shown the spaced-axe cut and basal spray 
techniques to be the most effective methods of controlling understory beech stems and 
other undesirable tree species common in northern hardwood stands. Advantages 
associated with these methods include complete selectivity of targeted trees, use of 
low cost equipment, and use of relatively low volumes of herbicides. The primary 
disadvantage associated with these techniques is that they are both labor intensive 
and as a result it is difficult to cover extensive areas without a large labor force. 
This results in relatively high costs/acre as compared to broadcast techniques.
The spaced-axe cut technique involves the use of a hand axe and a small plastic 
squeeze bottle (1 pt. to 1 qt. in size) to carry and deliver the chemical. The hand 
axe is used to make 1 to 2 inch long cuts extending completely through the bark and 
cambium layers into the interior portion of the tree. The cuts should be spaced
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1% to 2 inches apart around the circumference of the bole of the targeted tree at 
a convenient height above the ground. Hard to kill species such as red maple may 
require closer spacing of axe cuts. The chemical is then placed into these cuts 
through the delivery tube in the squeeze bottle. Enough chemical should be placed 
in each cut to cover the entire length of the cut. A few properly spaced, clean, 
deep cuts is preferred to smaller, shallow closely spaced cuts. Excessive overflow 
of chemical from the cuts, which runs down the bole of the tree, represents only 
wasted chemical. Safety precautions recommended in conjunction with this technique 
include the wearing of rubber gloves and protective leg chaps, and maintenance of a 
sharp axe. Eye protection should be used when pouring chemicals from large storage 
containers into smaller application bottles.
The costs associated with spaced-axe cut treatments will vary considerably 
depending on the number of stems/acre treated. If stem densities are approximately 
200-300/acre and trees are 3-4 inches DBH, costs will be around $30.00/acre. If 
stem densities number 800-1000/acre, costs will reach $60.00-$65.00/acre. These 
costs apply to spaced-axe treatments conducted prior to cutting in the over story. 
Treatments using this technique following cutting in the overstory can reduce costs 
by $5.00-$10.00/acre because many stems are destroyed during felling and skidding 
operations. However, this effect is offset somewhat by the accumulation of slash 
following logging which hinders access to the residual stems to be treated and slows 
progress. If treatment is done following logging in the overstory it should be done 
within one year after the cutting in order to assure adequate conditions for 
development of desirable regeneration and prevent the understory beech from responding 
to these favorable growing conditions.
A  wide variety of chemicals are available for this type of treatment. Cacodylic 
acid (Silvisar 550) and glyphosate (Roundup) have been used with a high degree of
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success in recent years at the Huntington Wildlife Forest. Tordon RTU is also an 
effective chemical for this type of treatment. Cacodylic acid is used directly as 
supplied by the manufacturer. Experimental work using glyphosate has shown 1:1 
mixtures with water to be highly effective. (Huntington Forest unpublished data).
Tree injectors and hypo-hatchets which inject a predetermined amount of 
herbicide into the target tree in a single motion, have been tried. Experience has 
shown that although this equipment produced good results numberous work stoppages 
occurred to unplug delivery holes, adjust and repair minor parts, and to clean 
equipment. Field workers abandoned the use of this kind of equipment in favor of 
the hand axe and squeeze bottle technique.
Treatment of stems less than 1 inch DBH and root suckers or stump sprouts is 
difficult if not impossible using the spaced-axe cut technique. Basal sprays were 
found to be highly effective on beech stems up to 2 inches DBH, however success fell 
off rapidly as larger trees were treated (up to 6 inches DBH).
The basal spray technique involves the use of a back-pack, hand pump sprayer or 
a hand carried (garden type) sprayer. The chemical is applied using a wand equipped 
with a spray nozzle. The entire lower 1-2 feet of the bole of the targeted tree is 
soaked to the point of runoff with chemical mix. Root suckers and stump surfaces 
can also be easily sprayed with this equipment.
Disadvantages associated with this technique include the weight of the material 
to be carried, frequent refilling of the chemical supply, inability to effectively 
kill larger stems, and the use of fuel oil as the mixing agent with the herbicide. 
Fuel oil is extremely irritating to the skin of sane people and is becaning 
increasingly expensive. Water has been used in place of fuel oil as a mixing agent, 
but results have been less favorable.
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Following the ban on the use of 2-4— 5 T (February 1978), our only experience with 
basal spraying involved the use of a 2-4 D, 2-4 DP mixture (Weedone 170). This 
chemical mixture was used at a rate of 1:18 (3g gal. of chemical to 9 gal. of fuel oil). 
In our experience control (complete kill) of beech stems less than 1-2 inches DBH was 
92% and 47% of the stems between 2-6 inches DBH. Costs ranged from $22.00-$46.00/ 
acre. In general, per acre costs associated with this technique averaged about 
$8.00-$12.Q0 less than those of the spaced-axe cut method.
The major advantage of this technique is in the treatment of undesirable stems 
less than 1 inch DBH, including stump sprouts and root suckers. However, broadcast 
application using a skidder mounted or back-pack mist blower, would be equally 
effective in these situations and costs would be nearly \  those associated with the 
basal spray method. If the stand was recently logged however, use of mist blowers 
may adversely effect residual overstory trees and the basal spray treatment would 
be preferred.
In general, the spaced-axe cut technique has proven more effective and more 
versatile than the basal spray method in treating the variety of stems sizes normally 
encountered in most hardwood stands on the Huntington Forest.
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ROADSIDE CENSUS TECHNIQUES FOR DETERMINING RELATIVE TRENDS IN DEER DENSITIES
This technique involves routinely recording the miles of travel over forest 
roads on the ownership during the June-August period, and recording all deer 
observations. Records must be kept for all trips made, not only those where deer 
are observed. A minimum of 500 miles of recorded travel should be accumulated during 
the 3 month sample period for each 5000 acres of forest land in the ownership. An 
attempt should be made to distribute this travel over the entire ownership, not just 
the management unit of immediate concern. The deer observation rates expressed as 
the number of deer seen/100 miles of road traveled is determined for the entire 3 
month period.
Deer observation rates are affected by a wide variety of factors including 
population levels, individual deer behavior, seasonal ranging patterns,sex, age, 
forest type, timber harvesting and cultural treatments, and hunting. Most of these 
factors remain relatively constant from year to year or have only minor impacts. 
Hunting, on the other hand, can cause dramatic changes in deer observation rates.
Rates determined for unhunted areas would not be comparable with those from hunted 
areas. This is particularly true if either sex hunting is permitted because adult 
female deer have been shown to provide a disproportionately large portion of the 
deer observations recorded along forest roads (Sage et al. unpubl. ms.).
As a result, observation rates probably differ fran one ownership to another or 
from one region to another. However, within a particular ownership of several 
thousand acres, the relationship between annual deer observation rates should provide 
a reliable estimate of deer population trends. This information, coupled with on site 
inspection of the impact of deer on developing regeneration, should permit the forest 
manager to determine a deer observation rate which is representative of a population 
density compatible with forest management objectives. The acutal popualtion density
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. . 2in terms of the number of deer/mi may never be known, however the annual index value 
determined should indicate whether populations are above or below the desired level. 
It may require several years to identify an observation rate which is correlated 
with a critical deer density but these data are relatively inexpensive to gather and 
summarize, and in the interim useful information on deer population trends will be 
available to the forest manager. This technique provides the private landowner with 
an economical means of assessing deer densities and trends in local populations on 
the forest land area under management.
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SPECIES PROFILE
This appendix is designed to inform the reader of seme of the basic require­
ments and characteristics of white-tailed deer. It is not intended to be a 
complete profile of deer biology and management.
The white-tailed deer is present in numerous habitat types throughout the 
Northeast, especially during the non-winter months.
Food Requirements
White-tailed deer are very adaptable in their food habits and are known to feed 
on more than 600 plants (Erikson et al. 1961, Skinner and Telfer 1974). Use of 
different plant species is related to local and seasonal availability (Hosely and 
Ziebarth 1935, McCaffrey et al. 1974, Pekins 1981). Herbs and woody browse each 
made up approximately 36% of the total diet by weight in New Brunswick (Skinner and 
Telfer 1974). Fungi varied from approximately 7% to 14% of the spring through fall 
diet. The importance of browse in the summer diet ranges frcm 3% to 63% total 
volume frcm April to November (Kahn and Mooty 1971, McCaffrey et al. 1974). In 
summer, the diet may consist of almost 65% fruit and 21% browse and deer may also 
feed on aquatic vegetation in shallow water (Erikson et al 1961).
Studies of deer protein requirements (Wallmo et al. 1977) indicate that 16-17% 
crude protein in the diet would serve the maximum needs of deer, including those of 
growing fawns and lactating does. The minimum percentage of crude protein in the 
diet for maintenance is 7%.
The basal metabolic rate (BMR) of white-tailed deer is approximately 70 kcal 
per day per kg of body weight. Activity metabolic rate (AMR) is higher because of 
additional energy needs for thermoregulation, locomotion, gestation, lactation,
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. growth, and gain. The AMR of deer ranges normally fron 1.23 to 1.98 times the EMR 
and it may reach 2.3 times BMR at the peak of lactation (Moen 1973). The daily 
food intake of white-tailed deer is approximately 1 kg of air-dry forage per 45 kg 
of body weight or about 22 g/kg (Wallmo et al. 1977).
Deer in the Adirondacks are typically subjected to prolonged severe winters 
and mortality from malnutrition occurs. Survival rates may be low for fawns because 
their small stature and limited fat reserves due to growth, cannot endure the 
climatic stress and food shortage to the same degree as adults. Because winter canes 
early in this region, it is essential that fawns grow rapidly in the fall CVerme and 
Ozoga 1980).
In the northern forest region, sapling maple and hemlock are the most important 
winter food species (Hosley 1956), although many other woody and herbaceous species 
also provide winter food and nay be locally important (Cook and Hamilton 1942). The 
importance of browse in the winter diet is higher in the more northern areas where 
deep snows restrict deer movement and reduce plant availability (Stitler and Shaw 
1966). Northern white cedar provides both winter cover and food and is often over 
browsed in winter deer concentration areas (Verme 1965).
Fran the standpoint of availability, distribution, and quantity, witch hobble 
is the most important winter browse species on the Huntington Forest (Frank 1940).
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Gover Requirements
Suitable winter range is the most critical habitat component for white-tailed 
deer in this region (Dickinson and Garland 1974). In areas of deep snow, winter 
home range size of white-tailed deer is often 10 to 20% of the sumner home range 
size. Deer in the Adirondacks forage widely if snow accumulations are minimal and 
tend to yard up in swamps and adjacent higher ground when snow is deep (Moen 1978). 
Areas dominated by northern white cedar are preferred yarding sites in areas where 
this species occur, but mature stands of spruce-fir, hemlock, or white pine also 
provide suitable winter cover (Christensen 1962, Verme 1965 and 1973, Dickinson 
and Garland 1974, Wetzel et al. 1975).
Softwood cover appears to be the most important element of winter habitat as 
it provides shallower snow depths, reduced wind velocity, higher temperatures, 
narrower daily temperature fluctuations and higher relative humidity than areas 
lacking this shelter (Ozoga and Gysel 1972). Mattfeld (1974) found that the 
contrast between energy budget limitations in hardwood sites as opposed to sites 
with a significant coniferous component is a determinant for the development of a 
retreat to coniferous forest types during periods of snow. Euler and Thurston (1980) 
suggested that deer use peaked in stands with softwood crown closure of 71% and that 
deer use of areas decreased as crown closure increased beyond this point.
Deer in the northeast also use steep and rocky south and southwest slopes for 
winter cover (Dickinson 1976). Such sites have lower snow accumulations than the 
surrounding area as a result of steepness, prevailing winds, and the effect of 
sunlight. These sites may be preferred over typical lowland coniferous yards.
Stocker and Gilbert (1977) suggest that winter cover is best provided by 
softwood types with a crown density greater than 50% and between 10 and 20 m
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(32.8 -55.6 ft) tall on southeast to southwest facing slopes. Regardless of the 
dominant species, coniferous stands must be composed of trees near or above 15.2 
cm (6 in) DBH to provide suitable winter cover (Dickinson and Garland 1974,
Strong 1977).
Recent studies of deer nutrition, behavior, and physiology have suggested 
that deer are quite well adapted to the deep snows, cold temperatures, and lack of 
good quality food typical of winter deer yards. These studies suggest that summer 
range may be extremely important to the energy balance of white-tailed deer, since 
it is the condition of the deer as they enter, as well as how long the winter season 
lasts that determines their probability of survival (Cooperrider 1974, Mautz 1978a.). 
Deer are also aided through the winter by their ability to reduce their basal 
metabolic rate by nearly one-third, and an extremely well insulative coat (Mautz 1978b) •
White-tailed deer exhibit little preference for specific cover types from late 
spring through fall (Behrend 1966, Dickinson 1976). The use of forest openings is 
highest in the spring and fall, in response to both deer physiology and plant phenology 
(McCaffrey and Creed 1969, Sanford 1976). The use of upland sites is inversely 
proportional to stand age. Areas containing an interspresion of deciduous and ever­
green forests of regeneration and mature stages with some openings dominated by 
herbaceous vegetation provides highly suitable white-tailed deer habitat.
Reproductive Requirements
No specific habitats are required for fawning (Severinghaus and Cheatum 1956), 
although does seek seclusion during fawning and have reduced ranges from June to 
September (Hawkins and Klimstra 1970). Close proximity to shallow water is important 
during the breeding and fawning seasons (Stocker and Gilbert 1977).
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Interspersion Requirements
The interspersion of young, deciduous stands, disturbed areas, and forest 
openings with mature forest provide optimal summer range for white-tailed deer 
(McCaffrey and Creed 1969, Kohn and Mooty 1971). In Wisconsin, McCaffrey and 
Creed (1969) recommended maintaining 3 to 5% of the forest in permanent openings 
with each opening less than 2 ha (5 ac). Open shallow water within 1500 m  enhances 
food resources.
The interspersion of winter feeding habitat (mixed woods, hardwoods, and clear- 
cuts) with winter cover (typically lowland conifers) is critical. The nearer such 
types are to each other, the better will be the habitat for deer since winter is a 
period of restricted movement. Winter deer range need not be directly adjacent to 
summer range however. Sage et al. (Huntington Forest unpubl. data) found that 
movements between summer and winter range often exceeds 5 miles, and may be as far 
as 10 - 12 miles.
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Stumpage Values U s ed to Calculate Timber Values
Hardwood Pulpwood - $6/cord
Softwood Pulpwood - $8/cord
Sawtimber Caverage for all 
@ 80 year old thinning
Sawtimber (average for all 
at Rotation Age 
Hardwood-Conifer Sites
Sawtimber (average for all 







*  Log Volumes Determined Using Scribner Log Rule 
MBF = Thousand Board Feet
N.Y. W-105-R, Job XIII-6 91
Summary of Costs Associated with Timber Management Program
Personnel + Equipment + Supplies Cost C$1
Forester 16,000.00
Forest Technician 11,000.00
Rental of two 4-wheel drive vehicles and
Annual operating costs 6,000.00
Supplies, equipment 2,500.00
Total 35,508.00
Costs/A/yr. (13,450 acres) 2.64
Road Maintenance Costs
25.2 miles of road @ $160/mi./yr. 4,032.00
Costs/A/yr. (13,450 acres) .30
. 30
Logging Site Seeding
(includes landings, major skid trails, 
winter and summer access roads)
4 acres treated @ $100/A 400.00
Site Preparation Treatment 
Hardwood Sites
Broadcast Treatment A v e . cost/A 33.00
Individual Stem Treatment Ave. Cost/A 45.00
Assuming 1/2 of cutting unit is treated with
each technique - Ave. Cost/A 39.00
Hardwood Conifer Sites
Individual Stem Treatment Ave. Cost/A 35.00
NOTE: Depending on the particular site treated 
during 1 particular year, average costs 
would range from $35-$39/A. For the 
purposes of the model, a figure of $37/A 
was used.
Softwood Sites
Broadcast Treatment to release conifers 
Ave. Cost/A 30.00
inLY. W-105-R, Job XIII-6 92
LITERATURE CITED
Allee, W.C., A.E. Emerson, 0. Park, T. Park, and K.P. Schmidt. 19M-9. Principles 
of animal ecology. W.B. Sanders Co., Philadelphia 837 pp.
Anderson, Roger C. and O.L. Loucks. 1973. White-tailed deer (Odocoileus virginianus) 
influence on structure and composition of Tsuga canadensis forests. J. of 
Applied Ecology 16:855-861.
Behrend, D.F. 1966. Behavior of white-tailed deer in an Adirondack forest. Ph.D. 
Thesis. SUNY College of Forestry, Syracuse, NY 206 pp.
____________ , G.F. Mattfeld, W.C. Tierson, and J.E. Wiley III. 1970. Deer density
control for comprehensive forest management. J. Forestry 68C11):695-700.
Christensen, E.M. 1962. Classification of winter habits of the white-tailed deer 
in northern Wisconsin based on forest ordination. Ecology 43(1):134-135.
Cook, D.B. and W.J. Hamiton, Jr. 1942. Winter habits of white-tailed deer in 
central New York. J. Wildl. Manage. 6(4)-.287-291.
Cooperrider, A. 1974. Computer simulation of the interaction of a deer population
with northern forest regeneration. Ph.D. Diss. SUNY CESF, Syracuse, NY. 219 pp.
______________ , and D.F. Behrend. 1980. Simulation of forest dynamics and deer
browse production. J. of Forestry 78(2):85-88.
Dice, L.R. 1952. Natural communities. Univ. Mich. Press. Ann Arbor. 547 pp.
Dickinson, N.R. 1976. Observations on steep-slope deer wintering areas in New York 
and Vermont. NY Fish and Game J. 23(l):51-57.
__________ , and L.E. Garland. 1974. The white-tailed deer resource of Vermont.
Vt. Fish Game Dept. 63 pp.
Erikson, J.B., V.E. Gunvalson, M.H. Stenlund, D.H. Burcalow, and L.H. Blankenship. 
1961. The white-tailed deer in Minnesota. Minn. Div. Game Fish Tech. Bull, 
no. 5. 64 pp.
Euler, D. and L. Thurston. 1980. Characteristics of hemlock stands related to 
deer use in east-central Ontario. J. Appl. Ecol. 17:1-6.
Farnsworth, C.E. , and J.W. Barrett. 1966. Responses to silvicultural treatment:
northern hardwoods type five years after logging. 6th World Forestry Congress, 
Madrid. Proc.:2338-2343.
Frank, W. 1940. The food producing capacity of the Huntington Forest with respect to 
deer browsing. M.S. Thesis. SUNY CESF, Syracuse, NY 71 pp.
Frank, R.M. and J.D. Bjorkbom. 1973. A  silvicultural guide for spruce-fir in the 
Northeast. USDA Forest Serv. Gen. Tech. Rep. NE-6.
N.Y. W-1Q5-R, Job XIIX-6 93
Go tie, R.F. 1976. Results of deer trapping and tagging - Region 7. Unpub. report 
New York. 26 pp.
Hawkins, R.E. and W.D. KLimstra. 1970. A  preliminary study of the social organization 
of white-tailed deer. J. Wildl. Manage. 34(2):407-419.
Hesselton, W.T. 1964. Trap, mark, liberate and follow the movements of deer. Unpubl. 
PR Annual Report, Project No. W-89-R-8, Job VI-B. NY 6 pp.
Hosley, N.W. 1956. Management of the white-tailed deer in its environment. In Taylor, 
W.P. (ed) The deer of North America. Stackpole Co. Harrisburg, PA and The 
Wildl. Mgmt. Inst. Washington DC 668 pp.
___________ , and R.K. Zeibarth. 1935. Some winter relation of the white-tailed deer
to the forests in north central Massachussetts. Ecol. 16(4):535—553.
Kelty, M.J. 1979. Use of the shelterwood method for regenerating northern hardwoods 
and influencing deer browse. M.S. Thesis. SUNY CESF, Syracuse, NY
__________ , and R.D, Nyland. 1980. Regenerating Adirondack northern hardwoods by
shelterwood cutting and deer density control. J.Forestry (in press)
Kohn, B.E. and J.J. Mooty. 1971. Summer habitats of white-tailed deer in north 
central Minnesota. J. Wildl. Manage. 35(3):476-487.
Mattfeld, G.F. 1974. The energetics of winter forage by white-tailed deer: A
perspective on winter concentration. Ph.D. Thesis. SUNY CESF, Syracuse, NY 
306 pp.
_____________ , R.W. Sage Jr., R.D. Masters, and M.J. Tracy. 1975. Deer movement
patterns in the Adirondacks: a progress report. Trans. 11th Meeting N.E.
Deer Study Group. Quebec, Canada :157-167.
Mautz, W.W. 1978a. Sledding on a brushy hillside; an analogy of body fat cycle in 
deer. Wildl. Soc. Bull. 6(2):88-90.
__________ . 1978b. Nutrition and carrying capacity in big game of North America,
ecology and management. Wildl. Manage. Inst. Stockpole Books. Harrisburg, PA
McCaffrey, K.R. and W.A. Creed. 1969. Significance of forest openings to deer in 
northern Wisconsin. Wise. Dept. Nat. Resources. Res. Bull. no. 44. 104pp.
______________ , J. Tranetzki and J. Piechura. Jr. 1974. Sumner foods of deer in
northern Wisconsin. J. Wildl. Manage. 38(2):215-219.
McCormack, M.L. Jr. , F.B. Knight and R.A. Rogers. 1978. Glyphosphate as a management 
tool for increasing forest productivity. Proc. NE. Weed Sci. Soc. 32:285-286.
McCullough, D.R. 1979. The George Reserve deer herd. Univ, of Mich. Press. Ann Arbor 
271 pp.
Moen, A.N. 1973. Willdife ecology and analytical approach. W.H. Freeman Co.
San Francisco, Ca. 458 pp.
N.Y. W-1Q5-R, Job XIII-6 94
*
Moen, A.N. , 1978. Seasonal changes in heart rates, activity, metabolism and forage 
intake of white-tailed deer. J. Wildl. Manage.42(4):715-738.
Nyland, R.D., D.F. Behrend, P.J. Craul, and H.E. Echelberger. 1977. Effects of 
logging in northern hardwood forests. J. of the Tech. Assoc, of the Pulp 
and Paper Industry. Vol. 60, No. 6.
Ozoga, J.J. 1968. Variations in the microclimate in a conifer swamp deer yard in 
northern Michigan. J. Wildl. Manage. 32:574-585.
________ , and L. W. Gysel. 1972. Response of white-tailed deer to winter weather.
J. Wildl. Manage. 36(3):892-896.
Perkins, P.J. 1981. Summer and fall food habits of deer in southern New Hampshire. 
M.S. Thesis. Univ. of New Hampshire.
Roach, Benjamin A. 1974. Scheduling timber cutting for sustained yield of wood 
products and wildlife. USDA Forest Service Gen.Tech. Rep. NE-14
Robertson, C.W. 1979. Hunter attitudes on fee hunting for deer in east Texas.
M. S. Thesis. Stephen F. Austin St. Univ. 47 pp.
Sage, R.W. Jr., G.F. Mattfeld, R.D. Masters, and M.J. Tracy. 1977. The relationship 
of seasonal ranging patterns to effective deer density control. Trans. 12th
N. E. Deer Study Group. 10 pp.
Sanford, R.M. 1976. Characteristics and use of deer habitat in south-central Maine. 
M.S. Thesis. Univ. Maine, Ctrono. 45 pp.
Severinghaus, C.W. and E. L. Cheatum. 1956. Life and times of the white-tailed deer, 
pp. 57-186. In W.P. Taylor (ed). The deer of North America. Stackpole Co. 
Harrisburg, PA and The Wildl. Manage. Inst.
Simon, Steven A. 1979. Vegetation and assessment of forest productivity in the 
Adirondacks. M.S. Thesis. SUNY CESF, Syracuse, NY
Skinner, W.R. and E.S. Telfer. 1974. Spring, summer and fall foods of deer in 
New Brunswick. J.Wildl. Manage. 38(2):210-214.
Smith, R.H. 1955. Definition of game range divisions in New York. NY Fish and Game J. 
2(2):129-141.
Stitler, W.M. Jr. and S.P. Shaw. 1966. Use of woody browse by white-tailed deer in 
heavily forested areas of northeastern United States. Trans. N.A. Wildl. Nat. 
Resour. Conf. 31:205-212.
Stocker M. and F.F. Gilbert. 1977. Vegetation and deer habitat relations in southern 
Ontario: Application of habitat classification of white-tailed deer. J. Appl. 
Ecol. 14:433-444.
Strong, K.F. 1977. Evaluative review of deer yard management work in New Hampshire 
and Maine. N.H. Fish and Game Dept. Concord, NH.
N.Y. W-1Q5-R, Job XIII-6 95
Temple, T. 1981. Forest productivity and its relationships to topographic, edaphic 
and vegetal site features in an Adirondack forest. M.S. Thesis. SUNY CESF, 
Syracuse, NY
Tierson, W.C. 1969. Controlling deer use of forest vegetation with electric fences.
J. Wildl. Manage. 33(H):922-926.
____________ , E.F. Patric, and D.F. Behrend. 1966. Influence of white-tailed deer
on the logged northern hardwood forest. J. Forestry.
Triandafillou, P.H. 1980. Growth and yield of even-aged northern hardwoods in the 
central Adirondacks. M.S. Thesis. SUNY CESF, Syracuse, NY.
Verme, L.J. 1965. Swamp conifer deeryards in northern Michigan. J. Forestry 
63(7):523-529.
_________ . 1973. Movements of white-tailed deer in upper Michigan. J. Wildl. Manage.
37(H):5H5-552.
_____  , and J.J. Ozaga. 1980. Influence of protein-energy intake on deer fawns
in autumn. J. Wildl. Manage. HH(2):305-31H.
Wallmo. O.C., L.H. Carpenter, W.L. Ragelin, R.B. Gill and D.L. Baker. 1977. Evaluation 
of deer habitat on a nutritional basis. J. Range Manage. 30(2):122-127.
Weber, S.J. 1981. A quantitative analysis of white-tailed deer winter concentration 
areas in northern New Hampshire. M.S. Thesis. Univ. of New Hampshire, Durham.
Wetzel, J.F., J.R. Wambaugh, and J.M. Peek. 1975. Appraisal of white-tailed deer 
winter habitats in northeastern Minnesota. J. Wildl. Manage. 39(1):59-66.
Wiersma, G.B. 1968. Seasonal deer browsing in an Adirondack Forest. Ph. D. Thesis.
SUNY CESF, Syracuse, NY. 19H pp.
N.Y. W-105-R, Job XIII-6 96
Prepared by:_____L l ) .
Richard W. Sage Jr. f  t
^ r o ^ v a  w-, Ci&ovJi
Title
Principal Investigator: UJ- d+A11




William F. Porter 
Project Leader
£ / £ /
Date
Approved by:_________ ________________________________________
Eugene Parks, Leader Date
Game Species Section
Approved by:
Stuart Free, Chief 
Bureau of Wildlife
Date
